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ABSTRACT

THE INTERACTION BETWEEN MIDDLE SCHOOL MATHEMATICS
TEACHERS’ BELIEFS AND PEDAGOGICAL CONTENT KNOWLEDGE
REGARDING RATIONAL NUMBERS

BULUT, Aykut
Ph.D., The Department of Elementary Education
Supervisor: Assoc. Prof. Dr. Didem AKYUZ
Co-supervisor: Assoc. Prof. Dr. Cigdem HASER

July 2021, 182 pages

The aim of this study was to investigate middle school mathematics teachers’ PCK
regarding rational numbers and their mathematics-related beliefs, and to understand
the nature of the possible interaction between their PCK and beliefs. Data of the study
were collected by (i) observation of six middle school mathematics teachers’ lessons
about fractions and/or rational numbers content, (ii) two rounds of semi structured
interviews, and (iii) vignettes. Data about their PCK were analyzed qualitatively with
the Teacher Education Study in Mathematics (TEDS-M) Framework whereas belief
data were analyzed in light of the related literature.

The analyses revealed that, participants mostly tended to teach with direct instruction
method, they provided verbal explanations and rules, and they seemed to have
sufficient mathematical knowledge most of the time. They connected the previous
topics to the rational numbers and fractions in their teaching. They believed that this

way of teaching was effective in teaching or that they had to use it because that was

iv



what suited the classroom context and the topics. Almost none of participants wanted
to change their teaching even when students had better knowledge and skills, but they
tried to change the level of questions they asked. Participants’ beliefs and their PCK
were mostly consistent in the interview and observation data. Analysis revealed that
there was an interaction between their beliefs and PCK in direct and non-direct ways.
Almost all of PCK dimensions of teachers interacted with their beliefs except for the
Mathematical Curricular Knowledge.

Keywords: Pedagogical Content Knowledge, Beliefs, Rational Number, Fractions,

Interaction



0z

ORTAOKUL MATEMATIK OGRETMENLERININ RASYONEL SAYILAR
KONUSUNDAKI PEDAGOJIK ALAN BILGILER] ILE INANISLARI
ARASINDAKI ETKILESIMI

BULUT, Aykut
Doktora, Tlkdgretim Baliimii
Tez Yoneticisi: Assoc. Prof. Dr. Didem AKYUZ
Ortak Tez Yoneticisi: Assoc. Prof. Dr. Cigdem HASER

Temmuz 2021, 182 sayfa

Bu calismanin amaci ortaokul matematik dgretmeninin rasyonel sayilar konusundaki
pedagojik alan bilgilerini (PAB), matematikle ilgili inanislarim1 ve pedagojik alan
bilgileri ile inaniglar1 arasindaki olabilecek etkilesimi arastirmaktir. Calismanin
verileri (i) 6 ortaokul matematik Ggretmeninin rasyonel sayilar ve/veya kesirler
konusunu anlattiklar1 dersleri gozlemlenerek, (ii) iki farkli zamanda yan
yapilandirilmig gériismeler ve (iii) olusturulan 6rnek durumlar ile toplanmistir. Ayrica
bu ¢alismada arastirmaci tarafindan notlar alinmigtir. PAB verileri nitel yontemle
Matematikte Ogretmen Egitimi Calismasi (TEDS-M) modeli kullanilarak, inans

verileri ise alanyazin gdzoniine alinarak arastirmaci tarafindan analiz edilmigtir.

Yapilan analizler katilimcilarin ¢ogunlukla diiz anlatim yoluyla &gretim yapma
egiliminde olduklarini, sozlii agiklama ve kurallar1 kullandiklar1 ve ¢ogu zaman yeterli
matematiksel bilgiye sahip olduklarin1 gostermistir. Ayrica rasyonel sayilar ve kesirler

ogretimlerinde baglant: kurmak igin énceki konulari kullanmislardir. Ogretmenler
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kullandiklar1 6gretim yolunun etkili olduguna veya sinif ortamina ve konuya uygun
oldugu i¢in kullanmak zorunda olduguna inanmaktadir. Sinif seviyesi farkli olsa bile
neredeyse hi¢ bir katilimci 6gretim yontemlerini degistirmemisler ama sorduklari
sorularin seviyesini degistirmeye ¢alismislardir. Yar1 yapilandirilmis goriismeler ve
g6zlemlerden elde edilen veriler g6z oniine aldiginda, katilimcilarin inanislarinin ve
pedagojik alan bilgilerinin soyledikleriyle tutarli olduklarini sdyleyebiliriz. Analiz
sonuclarina gore inanislar ile PAB arasinda direk veya dolayli bir etkilesim oldugu
bulunmustur. Matematiksel mufredat bilgisi hari¢ neredeyse bitin pedagojik alan

bilgilerini olusturan boyutlar ile inanislarinin etkilesimi bulunmustur.

Anahtar Kelimeler: Pedagojik Alan Bilgisi, inanislar, Rasyonel Sayilar, Kesirler,
Etkilesim
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CHAPTER 1

INTRODUCTION

Teaching mathematics is a complex action; therefore, it needs well-prepared teachers
with different kinds of knowledge (The National Council of Teachers of Mathematics
[NCTM], 2000). Teaching a new topic, employing new materials, navigating
challenging issues of change, and performing new teaching practices depend on
teachers’ knowledge of mathematics (Ball, Lubienski, & Mewborn, 2001) and beliefs
(Shulman, 1987). Qualified teachers know not only the subject matter, but also how
to organize and teach their lessons in order to help students to learn more effectively
(Berry, 2002). Teachers’ capability to understand and use subject matter in their
teaching is a key issue in students’ achievement (Ball, 1990a; Ma, 1999; Shulman,
1986, 1987). They should also know how and why their students learn. Thus,
teachers’ knowledge is important to build up and enhance students’ learning (NCTM,
2000). One of the most important concepts explaining teachers’ effective teaching
has been pedagogical content knowledge (PCK) (Shulman, 1986). Another one is
teachers’ beliefs which have influence on teachers’ teaching related decisions and
actions (Philipp, 2007).

Findings of different studies indicated that students have limited understanding in the
rational number content (e.g., Clarke & Roche, 2009; Cramer, Post, & delMas, 2002;
Depaepe et al., 2015; Mack, 1990). It is also known that rational numbers are one of
the most difficult topics for middle grade students. Thus, teaching rational numbers
requires well-grounded teacher knowledge in order to deal with students’ difficulties
(Depaepe et al., 2015). The aim of this study is to investigate middle school
mathematics teachers’ PCK, beliefs and the possible interaction between them in the

context of teaching rational numbers. The concepts are explained in detail below.



1.1 Teachers’ Knowledge and Beliefs

In the 1950s and 1960s, the focus of the researchers was mostly on problems of
learning and curriculum rather than teaching. The focus moved to instruction and
teaching in the 1970s and 1980s. Researchers looked for ways to understand teacher
knowledge and how it is developed (Shulman, 2000). A number of constructs to
understand the development of teacher knowledge were used by different researchers.
In the last thirty years, researchers have combined teachers’ knowledge with beliefs,
attitudes, classroom instruction, technology, and other factors that affect teaching and
learning. Meanwhile, a special type of teacher knowledge, PCK, was proposed by
Shulman (1986). He divided teachers’ knowledge into three categories; subject matter
knowledge, curricular knowledge, and PCK (Shulman, 1986, 1987). In his definition,
PCK means a combination of subject matter knowledge and pedagogical knowledge
that allows teachers to provide the most essential learning experiences for their
students. His framework has received broad acceptance among researchers. Many
researchers built their framework mostly based on PCK definitions and moved
towards defining PCK in specific subject areas, including mathematics (such as Ball,
Thames, & Phelps, 2008; Kilpatrick et al., 2001; Tatto et al., 2008). Ball and her
colleagues (2008) divided mathematics teachers’ knowledge into two main parts;
subject matter knowledge and PCK. Both main parts constituted three different
components. Subject matter knowledge includes common content knowledge,
horizon content knowledge and specialized content knowledge whereas PCK
includes knowledge of content and students, knowledge of content and teaching, and
knowledge of content and curriculum. Ball et al. (2008) argue that there is a
connection between teachers’ mathematical knowledge and teaching practice in PCK
construct, which is essential for effective teaching. Effective mathematics teaching
addresses teachers’ knowledge as important when teachers make the final decisions
in the teaching process (Leinhardt & Smith, 1985). Effective teaching also depends
on how well teachers transform their knowledge into pedagogical representations
(Crespo & Nicol, 2006; Niess, 2005). Therefore, PCK and teacher knowledge
becomes a powerful indicator of quality instruction (Baumert et al., 2010) and student
learning (Charalambous, 2015).



While Ball et al.’s (2008) model provides a tool to explore mathematics teachers’
knowledge in-depth, Teacher Education Study in Mathematics (TEDS-M) (Tatto et
al., 2008) suggested a more specific framework to understand pre-service and
inservice mathematics teacher’s PCK based on cross-national studies. The study has
examined teacher education policies, teacher educators, future mathematics teachers’
knowledge and beliefs, and possible relationships (Tatto et al., 2008). The analysis of
data collected with different tools such as questionnaires, interviews, and surveys in
TEDS-M study have resulted in a framework. The framework was composed of two
dimensions to assess teachers’ knowledge; Mathematics content knowledge (MCK)
and mathematics pedagogical content knowledge (MPCK). MPCK comprises of
“Mathematical Curricular Knowledge”, “Knowledge of Planning for Mathematics
Teaching and Learning (pre-active)”, and “Enacting Mathematics for Teaching and
Learning” (Tatto, 2013).

The frameworks of mathematics teachers’ knowledge briefly mentioned here show
that PCK is categorized differently by different researchers with overlapping parts.
In the current study, to understand mathematics teachers’ PCK, TEDS-M framework
was used because it was developed for both mathematics teachers and future teachers,
and has more elaborative structure. In addition, TEDS-M was conducted in different
countries which provided a cross-national validity for the framework.

Another reason was that TEDS-M study investigated both teachers’ knowledge and
their beliefs. Similar to PCK, teachers’ beliefs are important aspects for teachers’
knowledge because they affect the classroom practices (Schoenfeld, 1998; Wilson &
Cooney, 2002). Beliefs are defined and studied by many researchers, but there is no
common definition for them; as it is difficult to define beliefs precisely because they
are not directly observable, but are inferred (Leder & Forgasz, 2002). Yet, these
definitions address in common that beliefs are individuals’ decisions and are reflected
in their behaviors (Pajares, 1992; Thompson, 1992). Beliefs are one of the important
indicators of decision making and therefore, they affect teachers’ classroom actions
(Bandura, 1986; Pajares, 1992; Richardson, 1996). Teachers’ beliefs should be
considered to understand teachers’ actions during the teaching and learning process
of mathematics (Cady, 2002) such as what knowledge is relevant, which teaching
3



methods are appropriate and what subjects should be accomplished in teaching
(Speer, 2005). Teachers’ beliefs may also act as barriers against curriculum changes
or the way of teaching mathematics (Drageset, 2010). For example, even when
teachers have high mathematics content knowledge, they might not use inquiry-based
learning as instructional approach if they do not believe it is effective (Wilkins, 2008).
Therefore, it can be expressed that teachers’ knowledge, and especially PCK, and
teachers’ beliefs are important for education because they are centrally located in
teaching (Beswick, Callingham, & Watson, 2012; Déhrmann, Kaiser, & Blomeke,
2012; Drageset, 2010; Wilkins, 2008).

There are many studies about categorizations and classifications of beliefs in the
literature, and for the characteristics of beliefs. There is also a considerable debate
that the study of beliefs is important for teaching because measures of teacher
knowledge cannot fully explain the nature of teachers’ instruction (Ball et al., 2001;
Speer 2005). On the other hand, the subject area or what teachers teach affects
teachers’ beliefs (Bonner, 2001; Calderhead, 1996). In the case of mathematics
teaching, mathematical and pedagogical ideas of teachers have an impact on their
beliefs (Wilson & Cooney, 2002). Therefore, in this study, beliefs are considered as
an integral part of the mathematics teaching process that guides teachers in their
decisions, and are explored along with PCK.

1.2 Rational Numbers

The subject, Rational numbers, is one of the most difficult topics for students and
their teachers (Behr, Harel, Post, & Lesh, 1992). It is also one of the essential parts
of school mathematics and mathematics curriculum in Turkey (MONE, 2013; 2018).
Knowledge of rational numbers is one of the foundations for more advanced
mathematics, particularly algebra and probability (Clarke & Roche, 2009; Lamon,
2005) and essential for students to succeed in their further studies in mathematics
especially in algebra (NCTM, 2000). Students’ struggle for understanding the rational
numbers has been widely documented (see, for example, Behr, Wachsmuth, Post, &
Lesh, 1984; Clarke & Roche, 2009; Mack, 1990) where they cannot “internalize a

workable concept of rational number” (Behr et al., 1984, p. 323) and have incorrect
4



generalization from their prior knowledge about natural numbers to rational numbers
(Pesek, Gray, & Golding, 1997; Vamvakoussi, Van Dooren, & Verschaffel, 2012).
In order to reduce students’ difficulties, and to prevent misconceptions and incorrect
generalization regarding rational numbers, it is important that teachers should have a

well-developed PCK in relation to teaching rational numbers.

Teaching rational numbers requires well equipped teachers who have the appropriate
knowledge base (Depaepe et al., 2015). In addition, they should know how and why
their students learn. However, mathematics teachers’ PCK about rational numbers,
reasoning, and recognizing student difficulties and misconceptions can be limited
(Depaepe et al., 2015; Izsak, Orrill, Cohen, & Brown, 2010; Pesek, Gray, & Golding,
1997) which might cause poor performance of rational numbers for students.
Moreover, teachers can have misconceptions regarding multiplication and division of
rational numbers and their meanings (Simon & Blume 1994; Tirosh 2000). Preservice
mathematics teachers are also found to have misconceptions about multiplication of
fractions due to different factors such as rote memorization, knowing primitive
models, insufficient mathematical knowledge and anxiety (Isiksal & Cakiroglu,
2010).

Previous studies have concluded that teachers’ mathematics teaching related
decisions and actions are highly influenced by their PCK and beliefs (Sherin, 2002).
These two important constructs do not influence teachers’ teaching decisions and
actions in isolation. Considering that teacher beliefs influence their decision making,
it might be the case that their beliefs influence their use of PCK for specific instances,
such as teaching decisions for the students who will take a national examination soon
(Arslan, 2018). Similarly, it might be the case that a teacher who does not believe that
not all students are good at mathematics may choose to address rational number
concepts in the simplest way, reducing the content to a set of rules to be memorized.
Thus, not only identifying teachers’ PCK and their beliefs about the rational numbers,
but also exploring the interaction between the two is important in order to provide

more effective learning opportunities for students (Philipp, 2007).



1.3  Significance of the Study

Teaching and learning mathematics in the classroom depend upon several key factors.
Teachers’ knowledge and beliefs, both relate and contribute to teaching quality, are
among those key factors (Wilson & Cooney, 2002). Teachers’ knowledge is crucial
for teaching quality, student learning and effective mathematics teaching
(Charalambous, 2015; Leinhardt & Smith, 1985). Mathematics teachers’ beliefs have
a powerful impact on the practice of teaching (Ernest, 1989) and they are “critically
important determinants of what teachers do and why they do it” (Schoenfeld, 1998,
p. 2). Therefore, teachers’ knowledge and beliefs affect their decisions, and
eventually what is taught and ultimately learned in the classroom instruction. In the
light of this information, the following questions appear: How are teachers’ beliefs
affected when their PCK is improved? Or, how do teachers’ beliefs impact their
PCK? In other words, how do knowledge and beliefs interact each other in making
decisions for teaching? This remains an issue to explore in the field of mathematics
education (Philipp, 2007).

Although a considerable number of researchers put particular emphasis on teachers’
knowledge types and several studies have been conducted about how teachers’ beliefs
influence their thinking and behaviors, including instructional decision making and
use of curriculum materials, the interaction between the two constructs has not been
explored much. Two studies with preservice teachers found out that knowledge and
beliefs interaction is key to understand teachers’ behaviors, and teachers should be
equipped with the most availing knowledge and beliefs to create mathematically rich
environments (Blomeke, Buchholtz, Suhl, & Kaiser, 2014; Charalambous, 2015).
Yet, how beliefs and knowledge interact when inservice teachers teach is not explored
in detail. Additionally, in the literature, teachers’ belief and their PCK have been
mostly studied quantitatively. The relationship or interaction between them was
investigated mostly by quantitative methods, such as Pearson product-moment
correlation coefficient, which revealed a particular score in the studies. However,
these scores did not give any detail about the relationship but only the existence of
the relationshipand the strength of association. Therefore, there is a need to explain
how belief and PCK relate each other especially in the field of mathematics
6



education. In the light of these information, in current study, the interaction between
teachers’ mathematics related beliefs and their PCK was investigated qualitatively in
order to respond how and what questions about the interaction. Moreover, it is
expected that the findings of the present study will contribute to the field to address
the possible interactions and will try to shed light on the gap in belief and PCK studies
in terms of qualitative methods.

Students’ learning of mathematics concepts, and the potential misconceptions and
lack of understanding could be traced back to teachers’ PCK and beliefs to a great
extent (Campbell et al., 2014; Philipp, 2007). Considering that rational number
concepts are important for further mathematics learning (Clarke & Roche, 2009;
Lamon, 2005), are one of the important and most difficult topics for both students
and their teachers (Behr, Harel, Post, & Lesh, 1992), and have been one of the
essential components of mathematics curriculum in Turkey (MONE, 2013; 2018),
how mathematics teachers teach these concepts and how they believe about teaching
these concepts become important for students’ effective learning. Inservice (Walters,
2009) and preservice (Tirosh, 2000; Tirnikli & Yesildere, 2007) mathematics
teachers have been reported to have difficulties and misconceptions in rational
numbers, and handling students’ misconceptions regarding rational numbers. These
findings accordingly address ineffective PCK because teachers’ PCK is the key to
handle students” misconceptions and difficulties about rational numbers (Depaepe et
al., 2015; lzsak et al., 2010; Pesek et al., 1997). They also address teachers’ beliefs
because they influence their choice of teaching methods (Leder, Pekhonen, & Torner,
2002). Campbell and colleagues (2014) indicated that although teachers might hold
similar beliefs regarding mathematics teaching and had similar levels of
mathematical knowledge, they might possess different interpretations of classroom
interactions or the capabilities of their students. Therefore, teachers’ difficulties in
both understanding and teaching rational numbers and their teaching decisions, and
accordingly their students’ learning of rational numbers could be related to a possible
interaction between their PCK and beliefs. Exploring this possible interaction will
provide a strong basis for effective mathematics teaching and increased professional

development opportunities for preservice and inservice teachers.



1.4 My Motivation for the Study

| wanted to explore PCK and belief together with different insights becacuse most of
the prior studies found a relationship between PCK and belief, but they did not
explain how they were related to each other. | believe that providing some
clarification to this possible interaction will contribute to teachers’ education at all
levels. Besides, working with teachers is exciting for me because teachers shoulder
students’ education and they can give valuable information. As | have mostly studied
with pre-service teachers, the current study with the inservice teachers provided me

with an important experience.

1.5 Research Questions

In line with the purposes of the present study, the following are the main research

question and underlying subquestions:

How do middle school mathematics teachers’ beliefs and their PCK interact in

teaching rational numbers?

1. What is the nature of middle school mathematics teachers’ PCK regarding
rational numbers?

2. What is the nature of middle school mathematics teachers’ mathematics-
related beliefs regarding rational numbers?

3. What is the interaction between middle school mathematics teachers’ beliefs

and their PCK for teaching rational numbers?

1.6 Definition of Terms

Pedagogical Content Knowledge (PCK): Pedagogical content knowledge is defined
in the literature as the intersection of content knowledge (CK) and pedagogical
knowledge (PK). Shulman’s (1986) model has been studied and sometimes modified
to analyze mathematics knowledge for teaching with other researchers. In this study,
it refers to middle school mathematics teachers’ pedagogical content knowledge

about rational numbers. MPCK in TEDS-M (2008) teachers’ knowledge framework
8



was used to assess mathematics teachers’ PCK in this study. It includes three
subdimensions: (a) Mathematical Curricular Knowledge, which is mostly about
teachers’ knowledge for curriculum, learning programs and assessment formats; (b)
Knowledge of Planning for Mathematics Teaching and Learning, which addresses
about teachers’ knowledge for planning their teaching process; and (c) Enacting
Mathematics for Teaching and Learning which includes mostly teachers’ actions in
their lessons (Tatto, 2013). These dimensions were assessed by vignettes, interviews
and observations in the current study. Therefore, PCK in the present study refers to
MPCK used in the TEDS-M study.

Beliefs: According to Speer (2005), beliefs are conceptions, personal ideas or
decisions which include how teachers decide the relevant knowledge, appropriate
design, important features and goals for teaching the specific mathematics context.
Hannula (2011) proposed beliefs as a subset of cognitive domain, which consists of
mental representations, and thoughts, concepts and facts in mind. It is difficult to
identify teachers’ beliefs because beliefs cannot be directly observed or measured
(Bonner, 2001). Therefore, teachers’ beliefs can be traced through teachers’

expressions, intentions and actions (Pajares, 1992).

Mathematics related beliefs regarding rational numbers: In this study, teachers’
mathematics-related beliefs refer to middle school mathematics teachers’ thoughts,
ideologies or views regarding rational numbers, and its teaching and learning. Their
beliefs were inferred from their reactions to vignettes (intentions), responses to
interview questions (expressions) and observations of their teaching rational number

practices (actions).

Rational numbers: It is one of the essential parts of school mathematics and
mathematics curriculum (Clarke & Roche, 2009; NCTM, 2000). Fractions come
before rational numbers in the curriculum (MONE, 2018). Fractions are taught until
the 61 grade. Then, rational numbers are started and used throughout the school life
(MONE, 2018). Therefore, it can be said that fractions set ground for rational
numbers. In this study, fractions and rational numbers are addressed together. It refers
to the contents of fractions concepts in the 6™ grade and rational numbers concepts in
9



the 71 grade in the middle school mathematics curriculum in Turkey at the time of
the study (MONE, 2018).

Middle school mathematics teachers: In the present study, middle school
mathematics teachers refer to in-service mathematics teachers who graduated from
the Elementary Mathematics Education Programs and work in public middle schools
(grades 5 to 8) in Turkey.

10



CHAPTER 2

LITERATURE REVIEW

The current study aimed to investigate middle school mathematics teachers” PCK and
beliefs in the context of teaching rational numbers concepts. Furthermore, possible
interactions between their PCK and their beliefs regarding rational numbers were
explored. In order to provide a basis for this study, | conducted a literature review in
this chapter which explains: (1) frameworks and related studies about PCK; (2)
conceptual understanding about teachers’ beliefs; (3) rational numbers in

mathematics; and (4) studies about teachers’ PCK and beliefs.

2.1 PCK Frameworks and Studies

Shulman (1986) suggested analyzing teachers’ knowledge in Several categories
(Shulman, 1986, 1987). He indicated that teachers’ knowledge was mostly considered
as content knowledge (CK) in the 19" century and as pedagogical knowledge (PK)
in the 20" century (Shulman, 1986). Because of an absence of balance between CK
and PK, he put forward a special type of teacher knowledge, pedagogical content
knowledge (PCK), which strengthened the difference between doing mathematics
and teaching mathematics. Subject matter knowledge or content knowledge is “the
amount and organization of knowledge per se in the mind of teacher” (Shulman,
1986, p. 9). It includes the basic ideas, concepts, and principles of the discipline, as
well as what is considered as truth or false in the discipline and how validity or
invalidity of knowledge is determined (Shulman, 1986). A teacher with fundamental
subject matter knowledge is not only capable of defining truths of a domain, but he
or she is also able to explain why a certain knowledge is true and worth knowing, and

how it relates to other domains (Shulman, 1986).
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Curriculum means the full range of education programs, and it is designed to teach
particular subjects or topics at a given level. It also includes several instructional
materials of particular subjects (Shulman, 1986). Therefore, curricular knowledge
means teachers’ knowledge about education programs and instructional materials

regarding particular subjects or topics at a given level.

The other type of teacher knowledge in Shulman’s framework is pedagogical content
knowledge (PCK). Shulman’s (1987) definition of PCK is as follows:

for the most regularly taught topics in one’s subject area, the most useful
forms of representation of those ideas, the most powerful analogies,
illustrations, examples, explanations, and demonstrations- in a word, the ways
of representing and formulating the subject that make it comprehensible to
others... Pedagogical content knowledge also includes an understanding of
what makes learning of specific topics easy or difficult... (p. 9).

PCK is a blend of teachers’ knowledge about what they teach (subject matter
knowledge) with their knowledge about teaching (pedagogical knowledge)
(Shulman, 1987). It is a unique type of knowledge, since it connects content with the
aspects of teaching and learning (Ball et. al, 2001). After Shulman’s work about
teacher knowledge, researchers have continued to work on its domains to provide
comprehensible relationships between these knowledge domains. In general,
researchers have studied teacher’s knowledge in a general way but subject specific
versions of PCK were also proposed. In this manner, several models of mathematical
knowledge have been proposed such as the “content knowledge for teaching” (Ball,
Thames, & Phelps, 2008), “proficient teaching of mathematics” (Kilpatrick et al.,
2001), and “knowledge of teaching mathematics” (Tatto et al., 2008) by several

researchers.

Although there is a clear theoretical distinction between CK and PCK, research
studies have not been able to separate them clearly (Kleickmann et al., 2013). CK and
PCK represented two correlated dimensions, and CK might be a prerequisite for PCK
development (Krauss et al., 2008). However, strong CK did not certainly lead to
strong PCK (Lee, Brown, Luft, & Roehrig, 2007). Baumert and colleagues (2010)

12



also noticed that CK had lower predictive power than PCK for student progress and

learning.
2.1.1 Ball et al.’s Framework of Mathematics Teachers’ Knowledge

Ball and her colleagues (2008) have studied with mathematics teachers and suggested
a framework related to mathematics teachers’” knowledge. They developed
mathematics-specific subdomains of Shulman’s (1986) pedagogical content
knowledge to provide an in-depth analysis of mathematics knowledge for teaching
(Ball et al., 2008). Moreover, Ball and colleagues (2008) indicated that PCK mostly
had been generalized by researchers and it lacked specifications for different subjects.
Their framework, as illustrated in Figure 1, divides mathematical knowledge for
teaching into two parts: Subject Matter Knowledge (SMK) and PCK.

SUBJECT MATTER KNOWLEDGE PEDAGOGICAL CONTENT KNOWLEDGE

/__\

ggg{gﬂ?n Knowledge of

knowledae content and
g students (KCS)

(CCK) Specialized Knowledge
content of content
knowledge (SCK) and

Horizon curriculum
content
knowledge Knowledge of

content and
teaching (KCT)

\_/

Figure 1. Ball et al.'s Model for mathematics teachers’ knowledge. Adapted from
“Content knowledge for teaching, what makes it special?”” by Ball et al., 2008,
Journal of Teacher Education, 59(5), p. 403.
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In Ball et al.’s (2008) model, SMK 1is divided into three parts; Common Content
Knowledge (CCK), Horizon Content Knowledge (HCK) and Specialized Content
Knowledge (SCK). CCK is defined as mathematical knowledge and skills that are
used in a wide variety of settings, and therefore it is not unique to teaching. It includes
teachers’ knowledge about the material they teach such as, how to recognize a wrong
answer in the class and an inaccurate definition in textbook (Ball et al., 2008). On the
other hand, SCK is defined as mathematical knowledge and skills including
mathematical ideas and explanations for common rules and procedures and it is
unique to teaching (Ball et al., 2008). Both CCK and SCK correspond to Shulman’s
(1986) subject matter knowledge. HCK is about teacher’s knowledge of the span of
mathematical topics over the mathematics curriculum (Ball et al., 2008).

Ball et al. (2008) divided PCK into three components: (a) Knowledge of Content and
Students (KCS), (b) Knowledge of Content and Teaching (KCT), and (c) Knowledge
of Content and Curriculum (KCC). KCS consists of knowledge about students and
knowledge about mathematics including predicting what students will find
interesting and motivating, and will find it easy or hard (Ball et al., 2008). It has also
been defined as “content knowledge intertwined with knowledge of how students
think about, know, or learn this particular content” (Hill et al., 2008, p. 375). Briefly,
teachers’ understanding about how students learn specific topics has been
emphasized in KCS. Shulman (1986) also states that the foundation of research on
students’ thinking and ideas is important for pedagogical knowledge; therefore, KCS
corresponds to Shulman’s (1986) definition of PCK. KCT includes knowing about
teaching and knowing about mathematics including knowing how to design
instruction for specific topics and evaluating the advantages and disadvantages of the
designs (Ball et al., 2008). The third component, KCC is the subset of curricular
knowledge dimension of Shulman’s (1986) model. It is the knowledge about specific
curriculum which includes teaching of particular content and topics at a particular
level, and knowledge about curriculum or instructional materials (Ball et al., 2008).
Ball and her colleagues (2008) provided an in-depth analysis of mathematics

knowledge for teaching in their models.
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Ball and colleagues’ (2008) PCK model has given a new impulse to the mathematics-
specific research in PCK studies because most of PCK studies before their framework
were related to the general knowledge type that was not subject specific. Their model
has been used as a starting point by many researchers (Thanheiser et al., 2009). This
framework has been widely used in the field of mathematics education and teacher
knowledge to explore knowledge development and circumstances for preservice and
inservice teachers such as learning mathematics instruction (Charalambous, Hill, &
Ball, 2011), identifying middle school mathematics teachers mathematical
knowledge for teaching algebra (Girit, 2016), examining CK and PCK (Wilkie,
2014), exploring the relation between PCK and instructional practice (Sorto,
Marshall, Luschei, & Carnoy, 2009), understanding the development of in-service
teachers’ PCK (Vale, McAndrew, & Krishnan, 2011) and investigating pre-service
teachers’ PCK (Jenkins, 2010; Karp, 2010).

However, those studies did not focus on teachers’ beliefs and the interaction between
their beliefs and the knowledge they used to teach mathematics. Thus, it can be said
that while the Ball and colleagues’ (2008) framework has provided a basis for looking
at mathematics teachers’ knowledge, it seems incomplete in terms of the interaction
to their beliefs. Petrou and Goulding (2011) also asserted that the framework ignores
mathematics teachers’ beliefs especially about teaching and that it tested teachers’

knowledge independently from the context.

On the other hand, determining which knowledge fit in the exact knowledge type of
Ball et al.'s framework is a challenge (Thanheiser et al., 2009). Thanheiser and her
colleagues (2010) indicated that distinctions among the different types of knowledge
in the framework appeared to have blurred boundaries. Thus, it can be said that Ball
and colleagues’ framework cannot respond to the more specific needs of the present

study to address teacher’s PCK regarding rational numbers.
2.1.2 The Framework of Teacher Education Study in Mathematics (TEDS-M)
As stated above, many researchers have a considerable interest on understanding

teacher knowledge and determining what kinds of knowledge are needed to be an
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effective teacher. However, there is a worldwide controversial issue about how to
categorize the mathematics knowledge for teaching (Even & Loewenberg Ball,
2009). This scope brought researchers from different countries in cross-national
studies to examine teacher education and mathematics teaching. One of these studies
is Teacher Education Study in Mathematics (TEDS-M) which was conducted in 17
countries across continents. The general goal of the study was to understand the
relationships between teacher education policies, institutional practices, and
outcomes of primary and lower secondary school mathematics teacher’s education
programs. It also examined the nature of teacher education programs within and
across countries and possible relationships between the beliefs about mathematics of
teacher educators and those of future teachers (Tatto et al., 2008). Case study country
reports, interviews, and surveys were used in TEDS-M. Surveys, which were
implemented over 15,000 primary and over 9,000 lower-secondary future teachers
and close to 5,000 teacher educators, comprised questions to explore respondents’
mathematics content knowledge, the mathematics pedagogical content knowledge,
and beliefs about teaching and learning mathematics (Tatto, 2013). Researchers
developed instruments of the study and their assessment framework in two
dimensions: mathematics content knowledge (MCK) and mathematics pedagogical
content knowledge (MPCK) (Tatto, 2013). MCK in TEDS-M, mostly based on trends
in International Mathematics and Science Study (TIMSS) 2007 and TIMSS 2008
frameworks, comprised of three domains: content domain (number and operations,
geometry and measurement, algebra and functions, data and chance), cognitive
domain (knowing, applying, reasoning), and curricular-level domain (novice,
intermediate, advanced) (Tatto, 2013). MPCK was classified into three subdomains;
“Mathematical Curricular Knowledge”, “Knowledge of Planning for Mathematics
Teaching and Learning (pre-active)”, “Enacting Mathematics for Teaching and
Learning”. Table 1 presented the subdomains of the MPCK and their explanations.
MPCK framework provides descriptions of teacher actions that address the nature of

knowledge in the subdomains.
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Table 1.

Mathematics Pedagogical Content Knowledge (MPCK) Framework in TEDS-M
(Tatto et al., 2008).
MPCK Subdomain  Elaboration

Mathematical e Establishing appropriate learning goals
Curricular e Knowing different assessment formats
Knowledge e Selecting possible pathways and seeing connections

within the curriculum
e Identifying the key ideas in learning programs
e Knowledge of mathematics curriculum

Knowledge of e Planning or selecting appropriate activities
Planning for e Choosing assessment formats

Mathematics e Predicting typical students’ responses, including
Teaching and misconceptions

Learning (pre-active) o  planning appropriate methods for representing
mathematical ideas
e Linking the didactical methods and the instructional
designs
e Identifying different approaches for solving
mathematical problems
e Planning mathematical lessons

Enacting e Analyzing or evaluating students’ mathematical
Mathematics for solutions or arguments
Teaching and Analyzing the content of students’ questions
Learning (interactive) e Diagnosing typical students’ responses, including
misconceptions
e Explaining or representing mathematical concepts or
procedures
e Generating fruitful questions
e Responding to unexpected mathematical issues
e Providing appropriate feedback

Tatto (2013) explains the content of the domains as follows: The mathematical
curricular knowledge subdomain comprises the teachers’ knowledge about the
curriculum, learning goals, assessment formats, and knowledge of key concepts in
curriculum and their interconnections. The second subdomain refers to the teachers’

knowledge which are used to plan their mathematics teaching and learning, and
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preparatory work. This subdomain also includes selecting appropriate instructional
methods and designs, and assessments, predicting students’ responses and possible
misconceptions. The enactment of mathematics subdomain indicates teachers’
actions during the lessons such as analyzing students’ responses and misconceptions,
explaining mathematical concepts, developing questions, and giving feedback (Tatto,
2013). However, in TEDS-M study, “mathematical curricular knowledge” and
“knowledge of planning for mathematics teaching and learning (pre-active)”
subdomains were explored with their data. “Enacting mathematics for teaching and
learning” subdomain was only propounded because participants of the TEDS-M
study were selected from preservice teachers who could not teach. Besides, reaching
inservice teachers were not feasible because of time limitations (Tatto et al., 2008).
TEDS-M framework provides a more specific and wide range of dimensions and sub-
dimensions that describe the MPCK more clearly based on a broad and
comprehensive study. The descriptions of the dimensions and subdimensions match
the purposes of the present study. Therefore, in the present study TEDS-M MPCK

structure and its subdomains were used to investigate mathematics teachers’ PCK.

In this study, middle school mathematics teachers’ knowledge of common
conceptions and misconceptions held by the middle school students in the content of
rational numbers; their knowledge of the possible sources of these conceptions,
misconceptions, and of the different assessment formats, the strategies and
representations that they use to overcome these misconceptions; the strategies that
middle school mathematics teachers use to explain the key facts, mathematical
concepts; and other teachers’ knowledge dimensions will be investigated in order to

portray their MPCK in rational numbers.

TEDS-M examined PCK and beliefs together, and conceptualized PCK with MPCK
framework (Tatto, 2013). Beliefs were investigated by a scale in five areas: the nature
of mathematics, learning mathematics, mathematics achievement, preparedness for
teaching mathematics, and program effectiveness in TEDS-M study (Tatto, 2013).
Tatto (2013) explained that questions of the belief scale included questions about
perceptions and purposes of mathematics as a subject, the appropriateness of

particular instructional activities, various teaching strategies, and preparedness to
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teach in different areas. It can be said that the belief scale was parallel with the MPCK
subdomains, however, it was broader in terms of mathematics content. On the other
hand, in the present study, data were collected in a particular content and with semi
sctructured interviews. Thus, belief scale was not used directly, but was used as a

guide.

2.2  Beliefs about Teacher and Teaching

Beliefs are personal strong predictors of human behavior (Pajares, 1992; Thompson,
1992). Several researchers have defined beliefs relatively in similar ways with
different words. For instance, Richardson (1996) defined beliefs as “psychologically
held understandings, premises, or propositions about the world that are felt to be true”
(p. 103). Goldin (2002) defined beliefs as “multiple encoded cognitive/affective
configurations, to which the holder attributes some kind of truth value” (p. 59).
According to Pehkonen (1997), beliefs are individual and subjective knowledge, and
include a person's feelings or care. In the context of mathematics, Schoenfeld (1992)
also stated that beliefs could be considered “as an individual’s understandings and
feelings that shape the ways that the individual conceptualizes and engages in
mathematical behavior” (p. 358). On the other hand, Artzt (1999) defined
mathematics teachers’ beliefs as “assumptions regarding the nature of mathematics,
of students, and of ways of learning and teaching” (p. 145). As can be seen, there is
no common definition of beliefs in the education literature and in mathematics
education literature (Cross Francis, Rapacki, & Eker, 2015; Fennema & Franke,
1992; Furinghetti & Pehkonen, 2002; Pajares, 1992; Philipp, 2007). However, there
is a common understanding that beliefs shape individuals’ current and future

decisions and behaviors (Pajares, 1992; Thompson, 1984; 1992).

Beliefs are personal and strong predictors of human behavior, and very influential to
determine the way individuals handle problems and organize tasks. (Thompson,
1992; Torff & Warburton, 2005). They are mostly based on past experiences (Pajares,
1992) and they develop over a long time (Emenaker, 1995). Beliefs influence
individuals’ decisions and serve as one of the powerful indicators of their decisions

(Goldin, Rosken, & Torner, 2009). In the same way, teachers’ beliefs affect their
19



classroom practices (Pajares, 1992; Schoenfeld, 1998; Wilson & Cooney, 2002).
Therefore, studies regarding beliefs of teachers can give valuable information for
educational issues and determining teachers’ beliefs would be beneficial to organize

teacher education and in-service programs for effective teaching (Pajares, 1992).

There are many categorizations and classifications of beliefs which have attempted
to characterize different beliefs. However, teachers’ beliefs can change in terms of
the subject area or what they teach. Educational beliefs were affected by the
conceptions of the curriculum and the content area (Bonner, 2001). Beliefs about
epistemological issues could be associated with what the subject is about and what
teachers know about the subject (Calderhead, 1996). Furthermore, how teachers cope
with the challenges of teaching process were influenced by their beliefs and
knowledge about the mathematical subject matter (Fennema & Franke, 1992;
Thompson, 1992).

Mathematics teachers’ beliefs were characterized by their mathematical and
pedagogical ideas, and their views or preference for mathematics learning (Wilson &
Cooney, 2002). Handal (2003) proposed that teachers’ mathematical beliefs “act as a
filter through which teachers make their decisions rather than just relying on their
pedagogical knowledge or curriculum guidelines” (p. 47). Similarly, Buehl and Beck
(2015) noticed that teachers might use their beliefs as a filter and interpret information
or frame a specific task, such as lesson planning. Considering this situation, different
researchers have investigated relationships between teacher’s beliefs and their
practices. It was found that there were both consistencies and inconsistencies between
teachers’ expressed beliefs and their behaviors (Cohen, 1990; Thompson, 1984). For
instance, Wilkins (2008) examined 481 American elementary teachers’ beliefs
regarding the effectiveness of inquiry, and pointed out that they were the strongest
predictor of employing inquiry instructional practices. However, Lim and Chai
(2008) studied six teachers who planned computer-mediated lessons in mathematics,
science, and English, and found that although five of them expressed a constructivist
orientation for teaching, they taught predominately traditional lesson. Niesche and
Lerman (2010) also found the same inconsistency between 25 teachers’ beliefs and
their practices.
20



Haser (2006) investigated 20 preservice and 12 inservice first-year mathematics
teachers’ beliefs and explored the relationship among their beliefs, teacher education
program courses and first-year teaching experiences via one-on-one interviews in two
years. The findings indicated that although the courses did not influence their
mathematics related beliefs as much as expected, the school contexts affected
inservice participants’ beliefs and practices (Haser, 2006). According to Haser (2006)
inservice teachers tended to use teacher-centered teaching even though they had both
student-centered and teacher-centered beliefs. In the present study, the interview

protocols were developed benefiting from interview protocols in Haser’s (2006).

Leatham (2006) pointed out that teacher actions might not always be in line with their
beliefs. Their actions and beliefs should be explored in depth in order to understand
the possible relationship. Buehl and Beck (2015) compiled beliefs and teaching
practices studies, and noticed that beliefs and practices could influence each other.
The strength of the relationship depended on the type of beliefs and practices being
assessed as well as contexts. Other researchers also indicated that mathematics beliefs
could influence teachers’ pedagogical decisions and teaching practices (Beswick,
2012; Bray, 2011). On the other hand, the result of Woods’ (1996) study indicated
that it was difficult to differentiate between teachers’ beliefs and knowledge, and
teacher beliefs is one of the key parts in their cognition processes. In this regard, the
study of teachers’ beliefs and knowledge becomes quite important in the mathematics
education field. Thus, to make better sense of the teacher’s actions during the teaching

process, their beliefs and MPCK were examined together in the current study.

2.3 Rational Numbers in Mathematics

Rational numbers are real numbers which consist of all the numbers in a number line.
Baroody and Coslick (1998, p. 9-02) defined rational number as “a real number that
can be put in the form of a common fraction a/b where a and b are integers and b is
different from 0.” Integers consist of negative integers and whole numbers; therefore,

rational numbers set also include whole numbers. Due to its inclusiveness and that it
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provides a relevant basis for other contexts in mathematics, rational number concept

is one of the most important concepts for students (Behr & Post, 1992).

The review of the literature indicated that one of the bases for difficulty of teaching
and learning rational numbers is the complexity of its construct. Many researchers
have focused on to explain rational numbers construct starting from 1970’s. The
pioneer of these studies was Kieren’s (1976) study, which defined the rational
numbers construct in several perspectives: Fractions, decimals, equivalence classes,
ratio numbers (p/q, p, g integers, g not 0), operators, points on a number line, and
elements of a quotient field. Other studies of rational numbers (such as Behr, Lesh,
Post, & Silver, 1983; Ohlsson, 1988) have used Kieren’s (1976; 1980) definition as
baseline. Then, Kieren (1980, pp. 134-136) interpreted rational numbers into the five
subconstructs: Part-whole, quotient, measure, ratio and operator. However, a
controversial issue was emerged about whether part-whole was distinct from the
measure, or not (Lester, 2007). After that, Kieren (1988) expressed that measure,
quotient, ratio, and operator were distinct subconstructs. Moreover, part-whole was
under these four subconstructs (Kieren, 1993). On the other hand, Behr, Harel, Post
and Lesh (1993) distinguished “fractions as a part-whole relationship, rational
numbers as the result of the division of two numbers, as a ratio, as an operator, and
as a probability” (p. 997). Indeed, in the literature, each of the rational number sub-

constructs share many of the same characteristics.

Part-whole means that the whole is broken up into equal “parts” so that the fractions
reflect the relationship between the whole and the number of parts (Kieren, 1980).
For instance, consider a pizza or cake cut into 8 equal pieces and one piece was eaten

(see Figure 2.). In fractional form of the relationship between the remaining pieces

.7 : :
and the whole is p It means that there are 7 pieces left of the whole 8 pieces.
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Figure 2. A pizza or cake cut into eight pieces missing one piece

The quotient subconstruct closely relates to the part-whole. However, they are
applied in a different context. In quotient, a given quantity is divided into a given
number of parts (Kieren, 1980). Part-whole represents the selection equal parts from

a unit. To clarify this distinction, an example of part-whole is dividing a unit into

fifths and choosing three of the parts (E) An example of quotient is dividing three

o . 3 _ 3
units into five parts (g) Although the quotient and part-whole examples lead to pt

these are different problems and they represent different ideas.

The subconstruct of measure also relates to the part-whole relationship. The
difference is that the idea of unit is explicit in the measure. Measurement task means
assigning a number to a region (one-, two-, or three-dimensional), which is done by
counting the number of whole units that cover the region (Kieren, 1980). To give an
example, in Figure 3, each shaded region is measured by the unit, and covered region
would be considered 4 units long. However, the same figure would be different in the

part-whole interpretation, which is that the entire region would represent one whole,

: 1
and each unit would represent " of the whole.
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1 unit

Figure 3. The measurement of 4 units

The operator “portrays rational numbers as mechanisms which map a set (or region)
o . i 3
multiplicatively onto another set” (Kieren, 1980, p. 136). For instance, S asan

operator, expresses one to be multiplied by 3 and then divided by 5, or it expresses
one to be divided by 5 and then be taken 3 times of that quantity. In other words, the
operator subconstruct of rational numbers can be seen as elements in the algebra of
functions (Kieren, 1980).

Kieren (1980) defined that the ratio subconstruct is the quantitative comparison of

two quantities. To set an example, if there are 5 boys and 9 girls in a class (14 students

in all), then the ratio of girls to boys in the class is 5 The part-whole interpretation

5. . :
of 5 s different from the ratio. However, Kieren (1980, p. 135) states that “the part-

whole number relationships are a special case of ratio relationships.” Later, Kieren
(1988) suggested that ratio subconstruct would be included the part-whole

subconstruct.

Kieren’s (1980) theory about rational number subconstructs has had important
implications to understand how students might develop the concept of rational
number. However, students have difficulty to understand rational number concepts
more than whole numbers because of the multiple representations and uses of rational
numbers (Kilpatrick et al., 2001; Lamon, 2007; Moss, 2005). For instance, the rules
of whole numbers can make transition to rational numbers, so students can generalize

the whole numbers’ rules. To make it clear, students assume that the greater the

: 1.1
denominator, the greater the amount, such as P because 6 > 5.
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Teaching fractions has been considered more complex and difficult than teaching
whole numbers (Cramer, Post, & delMas, 2002; Mack, 2001; Miller, 2005). Students
work with whole numbers also outside of the school and they have fewer
opportunities to use rational numbers and fractions in everyday situations. This makes
rational number concepts more complex in terms of students’ learning. Indeed,
students’ resist to learn fraction concepts because fractions are not similar to the pre-
existing whole number knowledge (Dehaene, 1997). The studies of rational number
concepts and usage reveal that understanding fractions takes time. On the other hand,
insufficient instruction in the various interpretations of rational numbers and fractions
can result in ineffective rational number and fractions teaching (Miller, 2005).
Research studies have shown that teachers bring rather procedural knowledge to the
classroom, which has the potential to cause misconceptions (Ball, 1990; Ma, 1999;
Tirosh, 2000). Thus, teachers are very important actors in the process of teaching

rational number concepts, which is difficult to be conceptualized by its nature.

Fractions and rational numbers are two important concepts among the several
baseline mathematics concepts in the mathematics curricula of the middle schools.
Introducing fractions starts in primary education and continues until the 6th grade.
Rational numbers are introduced in the 7th grade and are used throughout the school
life. In high school and university education, in order to success in mathematics, the
understanding of fractions and rational numbers are essential. For instance, ratios,
proportionality, equivalence among fractions and decimals are vital in Algebra,
Geometry, Statistics, and many other mathematics concepts (Dopico, 2017; Kieren,
1993). Several studies have also indicated that understanding the structure of
operations with rational numbers is essential to understand the structure of algebraic
thinking and operations (Booth & Newton, 2012; Lee & Hackenberg, 2014). In a
similar manner, in order to understand rational numbers, fractions should be
understood. It is the most critical step because students encounter with abstraction
substantially in fractions (Wu, 2005).
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2.4 Rational Numbers and Teacher Knowledge Studies

In fraction instruction, Cramer, Post, and delMas (2002) expressed that teachers
frequently focus on syntactic knowledge or rules. Other researches also indicated that
teachers’ knowledge used in the classroom was mostly procedurally-based and could
be misunderstood (Kajander, 2005; Ma, 1999; Tirosh, 2000). While moving from
whole numbers to fractions, teachers may make an over-generalization (Mack, 1995).
Therefore, it is important to look into the studies of teacher knowledge regarding

rational numbers.

Several researchers studied rational numbers with teachers in knowledge aspects. For
instance, Golding (1994) found that middle school teachers had difficulty to respond
the questions in the Rational Number Project test about part-whole, ordering
fractions, operations, fraction equivalence, and unit conception. Besides, most of
teachers could not explain their solutions adequately in a pedagogical way (Golding,
1994). Golding (1994) stated that teachers’ inadequate conceptual knowledge about

rational numbers caused weak understanding for students.

Walters (2009) worked with three teachers to understand their teaching about rational
number. Similar to the present study, he used interview and classroom observation
data in this case study. He found that teachers had difficulty about the core rational
number content, in understanding the ratio and proportion concepts, and making
connection among fractions and decimals, and ratios and proportions. Moreover,
participants of Walters’s (2009) study thought that ratio and proportion content was

more complex.

Millsaps (2005) also investigated teachers’ CK about rational numbers, their
instructional practices and the interrelationship between them. Two teachers were
examined with observations, interviews, and a test of rational number knowledge. It
was found that interrelationships and teachers’ CK contributed to their PCK which

they used to design the instructional environment (Millsaps, 2005).
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Ma (1999) made cross-cultural study that investigated American and Chinese
elementary school teachers’ knowledge regarding division and multiplication of
fractions. She reported that only 43% of American elementary teachers completed
division computations and finding the correct answer, but all the Chinese teachers
reached the correct answer. American teachers knew various representations thanks
to their PK; however, their representations were not proper. Thus, they had
incomplete subject matter knowledge (Ma, 1999). She also stated that division in
fractions could be thought as one of the most complicated operation in numbers. Ma
(1999) also explained the meaning of division by fractions as the inverse operation

of multiplication.

In Turkish context, different researchers examined both preservice and inservice
mathematics teachers’ knowledge in terms of fractions or rational numbers. To give
an example, Can (2019) looked into 20 secondary school mathematics teachers’ PCK
about fraction operations. She explored teachers’ CK and conceptual and procedural
knowledge regarding students’ difficulties and misconceptions. According to Can
(2019), the findings revealed that teachers had insufficient procedural and conceptual
knowledge about fraction operations. Furthermore, they had difficulties in posing

word problems with real life aspect (Can, 2019).

In the same manner, Doruk (2020) also investigated mathematics teachers’
suggestions when they meet with students’ learning difficulties about ordering,
addition, multiplication and division of rational numbers. He collected data from six
mathematics teachers in public middle schools with semi-structured interviews. It
was found that most of the teachers used the rule reminder method and repeated the
instruction in order to eliminate students’ difficulties regarding operations in rational
numbers. For ordering the content, they mostly wanted to use models (Doruk, 2020).
Moreover, Doruk (2020) asserted that the reason for using rules could be having

deficient conceptual knowledge.

Another qualitative case study was Isiksal’s (2006) study which examined subject

matter knowledge and PCK about multiplication and division of fractions. She

collected data from 28 senior preservice mathematics teachers with questionnaires,
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and semi-structured interviews with 17 of them. The findings revealed that they could
easily symbolize and solve basic questions on multiplication and division of fractions.
However, she found that preservice mathematics teachers did not have sufficient
subject matter knowledge to represent and explain conceptually although they had
strong beliefs to teach it conceptually (Isiksal, 2006). She developed a questionnaire
in order to understand the subject matter knowledge and PCK of preservice teachers.
Therefore, in the present study, Isiksal’s (2006) and Haser’s (2006) studies were

considered in developing vignette questions and interview protocols.

2.5 PCK and Beliefs Studies

The literature addressing teachers’ PCK and their beliefs separately is very broad and
a representation of the studies were provided above. The study also focused on the
possible interaction between mathematics teachers’ PCK and their beliefs. Therefore,
the research studies, which focused on the interactions or relationships between PCK
and beliefs, take part in this section. The studies that guided this study were reported
in detail. Firstly, studies in mathematics education and then, other areas were
mentioned. On the other hand, even if PCK is the scope of this study, CK is a
component of PCK and they both affect student progress (Kleickmann et al., 2013).
Thus, studies focusing on CK were also taken into consideration in the following

literature review.

2.5.1 Studies with Preservice and Inservice Mathematics Teachers

Most of the studies about preservice and inservice teachers’ knowledge and beliefs
found that both aspects were related and contributed to teaching quality (e.g. Blomeke
et al., 2014; Campbell et al.,, 2014; Charalambous, 2015; Drageset, 2010;
Strawhecker, 2004). The common findings of these studies were that knowledge and
beliefs can ensure mathematically rich environments, and they should be examined
together to understand teachers’ behaviors. Mathematics teachers’ beliefs also are
influential on the teachers’ pedagogical decisions and their classroom practices
(Cross, 2009; Richardson, 1996; Wilson & Cooney, 2002). Wilkins (2008) indicated
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that beliefs partially intervened in content knowledge on instructional practice. In this

regard, studies that are relevant to the present research were summarized below.

Drageset (2010) examined the interplay between knowledge constructs and beliefs
constructs of 356 Norwegian mathematics teachers. He selected Ball et al.’s (2008)
subject matter knowledge as knowledge construct, and rules and reasoning as belief
constructs (Drageset, 2010). His study showed that beliefs have an impact on what
one learns and learning Specialised Content Knowledge might change or influence
teachers’ beliefs. Thus, it can be said that knowledge and beliefs influence each other.
Drageset (2010) concluded that it was necessary to consider teachers’ beliefs and
knowledge not only as linked, but also as elements that strengthen each other.

Different from the Drageset (2010), Campbell and her friends (2014) added student
achievement and awareness, and they investigated the relationship between teachers’
mathematical content and pedagogical knowledge, teachers’ perceptions, and student
achievement. They defined perceptions as teachers’ beliefs and awareness. A total of
259 upper-elementary and 184 middle-grades mathematics teachers, who teach to
students in grades 4-8, participated in their study. Quantitative data were collected
from different surveys: 120 multiple-choice items (80 CK and 40 PCK items) in
knowledge survey, 40-item beliefs and awareness survey, professional background,
and instructional context surveys. They found significant interactions between
teachers’ perceptions and knowledge, which influenced student achievement
(Campbell et al., 2014). Statistically significant interactions were found between
upper-elementary teachers’ mathematical knowledge and awareness scale, and
between middle-grades teachers’ knowledge and belief scores, and their students’
mathematics achievement. However, Campbell and her friends (2014) recommended
that in order to clarify the implication of this statistically significant interaction,
further research was needed.

In addition to inservice teachers, preservice teachers were examined in different
studies. Strawhecker (2004) explored the impact of the newly implemented design
which included four groups of preservice teachers. One group of preservice teachers

were involved in a content course, method course and fieldwork, and second group
29



was enrolled in a mathematics methods course only after completing the content
course and fieldwork. In the third group, preservice teachers, who completed content
courses, took method course and fieldwork. Last group of preservice teachers
involved in only content courses and did not take other courses. The reason
employing four different groups was that former and new undergraduate programs
with different courses were taught at the same time. She explored the impact of the
design and relationships on preservice teachers’ beliefs about teaching mathematics,
CK, and PCK. Quantitative research methods with pre and post instruments were
conducted with 96 preservice teachers. To determine the relationships between the
variables, she used a Pearson Correlation test and found all relationships to be
statistically significant (Strawhecker, 2004). Moreover, it was found that the methods
course held positive impact one’s beliefs about teaching mathematics. She also found
that the relationship between beliefs and CK was stronger than the relationship
between beliefs and PCK. Although there were relationships between all variables,
the strength of them was minimal and remained complex (Strawhecker, 2004).
Blomeke and her friends (2014) worked with 183 preservice mathematics teachers,
examined the relationship between mathematics pedagogical content knowledge
(MPCK) and beliefs, and determined the possible cause-and-effect relationship. Data
were collected from the first, second, and third year mathematics teacher education
students. Data analysis revealed that MPCK was significantly linked to beliefs
identified in the analysis of the third data collection. In addition, higher MPCK at the
first measurement had a causal effect on constructivist beliefs, whereas beliefs did
not predict MPCK’s third measurement, but this did not imply that beliefs function
as filters (Blomeke et al., 2014).

Chen (2010) examined mainly preservice mathematics teachers’ knowledge
development and belief change about fraction division through the methods course.
Moreover, whether special content knowledge development influenced belief change
or not, and whether one participant’s beliefs influenced the development of PCK or
not were investigated. Chen (2010) used a qualitative methodology with interviews,
surveys, concept mapping and the written assignment. The data were collected from
27 participants in two steps. In the first step, Chen (2010) traced the development
process of knowledge and beliefs during the method course by the tests, surveys,
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concept mapping and the writing assignment. In the second step, six participants were
selected based on different mathematics achievement, and they were observed and
interviewed. Then, as a follow up analysis, classroom observations were continued
with one preservice teacher (Chen, 2010). The result of Chen’s (2010) study pointed
out that the development of special content knowledge triggered rethinking about
beliefs. In addition, it was implied that beliefs about fraction division and teaching it
influenced what preservice teachers would teach and how they would teach it.

Ives (2009) investigated beliefs, orientations, CK, and PCK of probability, and the
relationships among these three aspects with preservice secondary mathematics
teachers through qualitative methodologies. Data were collected from individual
interviews, test items and different tasks. The researcher found relationships between
the preservice teachers’ orientations and their CK, as well as their PCK. The most
important finding was that orientations could affect CK and PCK, yet at the same
time CK and PCK can influence orientations. These relationships were based on
identifying basic concepts, misconceptions, approaches to finding probability, and
the contexts (Ives, 2009).

There is considerable research on the interplay between preservice or inservice
teachers’ content knowledge, beliefs and their practices in the literature. To give an
example, Barraugh (2011) examined seven upper elementary grade teachers, and
used surveys to measure teachers’ knowledge and beliefs about teaching and learning
mathematics. Additionally, observations were conducted to characterize the
mathematical quality of teachers’ instruction, and interviews were conducted to
reveal their interpretations of policies and to triangulate knowledge and beliefs data.
Data analyses revealed mediational relationships between teachers’ beliefs,
knowledge, policy interpretation, and context-specific factors. According to
Barraugh (2011), every factor could influence instruction, and priority was given in
some circumstances to certain factors and in other circumstances to other factors.
Barraugh (2011) also pointed out that to ensure higher quality instruction, teachers’

knowledge, beliefs, and interpretation of policies should receive equal attention.
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Wilkins (2008) investigated 481 in-service elementary teachers’ level of
mathematical content knowledge, attitudes toward mathematics, beliefs about the
effectiveness of inquiry-based instruction, and employing it in teaching. Wilkins
(2008) expressed that teachers’ beliefs partially mediated the effects of content
knowledge and attitudes on instructional practice, and have the strongest effect on
teachers’ practice. Moreover, it was found that content knowledge was negatively
related to beliefs in the effectiveness of inquiry-based instruction and teachers’ usage.
However, overall, teachers with more positive attitudes and beliefs in the

effectiveness of inquiry-based instruction used it more frequently (Wilkins, 2008).

Bray (2011) analyzed four mathematics teachers’ beliefs and knowledge and found
that beliefs and knowledge influenced their error-handling practices during the class
discussion. Teacher beliefs were mostly related to the structure of class discussions,
whereas their knowledge appeared to be the determinant of the mathematical and

pedagogical quality of their responses (Bray, 2011).

2.5.2 Studies in Other Fields

It is important to indicate that other disciplines have investigated the relationships
between teacher beliefs and their PCK, especially in science. For instance, Bonner
(2001) focused on the interplay of educational beliefs, PCK and perceptions of a
science curriculum of five science teachers for ten months through observations,
formal and informal interviews, and documents such as lesson plans and course
syllabus. It was found that participants’ beliefs about students and the structure of the
discipline were vital to determine what to teach and how to teach it. Perceptions of
the difficulty of the topic and time constraints also affected the selection of the course
material and instructional approach (Bonner, 2001). According to Bonner (2001),
beliefs, PCK and perceptions of the curriculum worked together and the interplay
between them determined the implementation of the curriculum. Moreover,

educational beliefs of the participants influenced their pedagogical knowledge.

Bahcivan and Cobern (2016) examined science teaching belief systems and their

relation to PCK and teaching practices by conducting a multiple case study design
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with three in-service science teachers. Data, which were collected through interviews
and classroom observations, pointed out that beliefs shaped participants’ conceptions,
knowledge and practice of teaching and learning science. Moreover, science teachers’
beliefs had a systematic coherence with their PCK and practices (Bahcivan & Cobern,
2016). In a similar manner, Anderson (2015) conducted a multiple qualitative case
study to investigate the nature and influence of beliefs on the science teaching
practice and the knowledge development of three primary teachers. Analysis of
observations and multiple interviews data showed that beliefs had strong influence
on the development of teacher knowledge, the nature of both subject matter

knowledge and PCK for science developed by the teachers (Anderson, 2015).

Mavhunga and Rollnick (2016) investigated the relationship between topic-specific
pedagogical content knowledge and underlying beliefs of science teachers. This study
was more special than other studies because it investigated topic-specific PCK, not
general PCK. Data were collected from audio-recorded discussions and written
responses from open-ended questions in pre- and post-tests with sixteen pre-service
chemistry teachers. Results of the Mavhunga and Rollnick’s (2016) study indicated
that the relationship between topic-specific PCK and teacher beliefs is more complex

than reflected in other studies.

2.6 Summary of the Literature Review

In the literature, prior studies have mostly documented the individual effect of teacher
knowledge and teacher beliefs. Some studies handle knowledge and beliefs together,
and add other dimension (e.g. practice, policy, perception). However, they have
examined the general context, mathematics teaching, and were conducted mostly
with quantitative designs. Thus, statistically significant relations between the
investigated dimensions were found, and researchers have warned that further
research was needed to clarify it. As stated above, there is scarcity of studies that
analyzed how teachers’ PCK and their beliefs interact each other. Therefore, in this

study, in order to provide a deep understanding, interactions between PCK and beliefs
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were investigated explicitly with qualitative methods in a subject specific context, the

rational numbers.

The literature also focused on tracing changes in teachers’ beliefs and knowledge as
a result of participation in a training program or a course. Such studies mostly
reported positive developments. Although they have contributed to the present study,
the current study focused on the existing situation and the circumstances. On the other
hand, many studies about the relationship between PCK and beliefs targeted
preservice teachers, which addressed that there is a gap in the literature in terms of
in-service teachers. Thus, the current study intends to contribute to the literature by
deeply investigating the mathematics teachers’ PCK and beliefs in the context of

teaching rational numbers.
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CHAPTER 3

METHODOLOGY

The purposes of this study were to investigate the nature of middle school
mathematics teachers’ PCK and beliefs regarding rational numbers and how these
beliefs and PCK interact with each other. As explained in the literature review,
TEDS-M’s (2008) framework was employed in this study because it provides a
comprehensive perspective for teachers” PCK and how it might be related to teachers’
beliefs. This chapter gives detailed information about methodological approach of the
study. In order to have a better understanding of the methodology, the research
design, participants, data collection, pilot study, data analysis procedures, and

trustworthiness of data and findings are clarified in this part of the study.

3.1 Research Design of the Study

In this study, in order to reveal middle school mathematics teachers’ PCK and their
beliefs, qualitative research design was employed. According to Creswell (2009),
qualitative research is conducted in a natural setting by the researcher who has the
opportunity for a face-to-face interaction with participants. Furthermore, multiple
data sources such as interviews, observations and documents can be used, and
inductive data analysis are conducted to set comprehensive themes about
participants’ acts, behaviors, and opinions in context (Creswell, 2009). According to
Merriam (1999), qualitative study is “intensive holistic description and analysis of a
single instance, phenomenon, or a social unit” (p. 21). A theoretical lens or a
combination of theoretical lenses can be used to interpret the obtained data (Merriam,
1999). Based on the interpretive inquiry, researcher tries to establish holistic picture
about the problem or issue (Creswell, 2009). If a problem or issue needs to be

explored and needs to be understood in detail, or the interpretations of the participants
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are placed in the study, a qualitative research design can be conducted (Creswell,
2009). Therefore, qualitative design is appropriate to investigate teachers” PCK

components and beliefs regarding rational numbers.

One of the approaches of qualitative research design is case study. Yin (2003)
expresses that in order to answer “why” and “how” questions about a phenomenon in
real-life, case studies are used. Case study is defined as “an empirical inquiry that
investigates phenomenon within its real-life context, especially when the boundaries
between phenomenon and context are not clearly evident” (Yin, 2003, p. 13).
According to Merriam (2009) a phenomenon, a program, or a person should be
selected in case study to investigate a particular reason for understanding better. In
addition, in case study approach, researcher explores a case or multiple cases and
collects detailed and in-depth data from multiple sources such as observations and

interviews. Then, he reports the themes for the case or cases (Creswell, 2009).

In the literature, case studies were categorized by different researchers. Stake (1995)
proposed three categories based on the focus of the research as ‘intrinsic case study’,
‘instrumental case study’ and ‘multiple (collective) case study’. According to Stake
(1995), “intrinsic case study’ concentrates on the specific individual or situation. The
researcher describes the case or the particulars of the case in detail. In the
‘instrumental case study’, the researcher examines the case in order to understand an
issue in the case (Stake, 1995). In the ‘multiple (collective) case study’, on the other
hand, the researcher deals with multiple cases at the same time in order to explore the
issue or the phenomenon with different perspectives (Stake, 1995). In the
instrumental case study, one of the primary goals was to understand a theory,
question, or problem. Using this approach, a particular issue was explained in detail
(Hancock & Algozzine, 2006) to inform other similar issues (State, 1995). Therefore,
in order to have a better insight on the interaction between the middle school
mathematics teachers’ PCK and beliefs in rational numbers, which was the case in
this study, an instrumental case design was employed. This case was investigated
with six middle school mathematics teachers. In the following section, details of the

participant selection process are explained.
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3.2 Participants

In the current study, three criteria were defined to select the volunteering participants.
First, at least five-year experienced middle school mathematics teachers were sought
because it was assumed that their beliefs and PCK would be well-established. Second
criterion was teachers’ availability to participate through the whole study. Third,
volunteering middle school mathematics teachers should be teaching rational
numbers in grades 6 and 7 in schools in Ankara, which was conveniently accessible
for the researcher, because the study required long periods of lesson observations
with possible overlaps across participants’ weekly course schedules. Therefore, the
observations and the interviews required commitment to the study and convenience
for the researcher especially in terms of physical accessibility to the schools.
Consequently, those teachers who were teaching in inner-city Ankara schools were
reached through personal contacts for the study. Among the contacted teachers, six
middle school mathematics teachers indicated their interests and accepted to
participate. Table 2 provides an overview of the participants.

Table 2.
Participants of the Study

School

Neighborhood Class

and Family  Student
Education Achievement

Experience Grades Educational

Part Gender in teaching taught Level

Level
. . Below
6th Ongoing Medium -
Tl Female 11 year 7th Ph.D. Low Average -
Good
T2 Female 8year 6th IE)/IngS;omg Medium Average
T3 Female 8 year 7th B.S. Low Poor
Ongoing Medium -
T4 Female 10 year 7th PhD. High Good
T5 Female 5 year 7th (I\)/Ingomg Very Low Below Poor
T6 Male 10 year 7th B.S. High Good

Note: There is no numerical data for the school neighborhood and students’ family education level.
This section was categorized based on how the participants described their school neighborhood and
their students’ family education level. Thus, information in this table depended on participants’
subjective judgments.
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As can be seen in Table 2., two of the participants were 6th grade teachers; four of
them were 7th grade teachers; and one of them was teaching both 6th and 7th grades.
Two of the teachers were doctoral students in the field of mathematics education; and
two of teachers were conducting Master’s studies. The schools of T1, T3 and T6 were
located in same district. T4 and T5 were also located in same (other) district. T2 and
T7 were located in other districts. All participants were experienced teachers in
teaching at public schools, which were centrally located in four different and
neighboring districts in Ankara. Thus, transportation in between and accessibility of
schools did not affect the observation processes and interviews. All teachers, except
for one teacher who had five-year experience, had a minimum of eight-year
experience. Table 2 does not include one participant who had to leave the study due
to the health problems which required her to stay home. Her data set was not complete
and hence, she was not included in the study. Therefore, the participants of the study
consisted the six teachers given in Table 2. One of participant is male whereas five
of them were female, a situation representing the Turkish school contexts where most
teachers are women (MONE, 2019). The teachers are presented below in detail in

order to provide in-depth information about the study context.

Teacher 1 (T1) had been a teacher for eleven years at the time of the study and at the
same school in the last 5 years. She got her bachelor and master’s degrees from a
public university. She continued with doctoral studies at the same university and was
working on her dissertation. She was teaching to both 6th and 7th grade students. She
described her classes as crowded because there were 33 students in the 6th grade and
40 students in the 7th grade. Students in her classes sit school desk individually, but
they were very close to each other because of limited space. Classroom sizes were
the same for 6th and 7th grade, so 7th grade class has lower free space than 6th grade.

Both classrooms had smart board, internet connection and two white boards.

According to T1, the levels of 6th grade students were below-average and 7th grade
students were average. She also states that school neighborhood is mixed with
medium and low-income families because the neighborhood was under an urban

transformation project.

38



Teacher 2 (T2) had been a teacher for eight years and last 4 years were in the same
school at the time of the study. She graduated from a public university with bachelor
degree. She continued with Master’s degree at the same university. She was teaching
to 6th grade students. She described that this class included 35 students where two of
them were taking individualized education program and one of them was a
hyperactive student. Observation data revealed that two students sit on the school
desk together, but the classroom had sufficient free space for students. Classroom
size seemed to be good for teaching and airflow. The classroom also had a smart

board, internet connection and two white boards.

Based on the T2’s description, her 6th grade students had average mathematics
knowledge and skills. She also stated that the school neighborhood was mixed with
medium and low-income families with mixed education levels because the

neighborhood was under an urban transformation project.

Teacher 3 (T3) had been teaching for eight years, but it was her first year in the school
at the time of the study. She graduated from a public university with bachelor degree.
She was teaching to the 7th grade students. Her class had 22 students, two of whom
were Syrian immigrants and three of whom were from an orphanage. Two students
sit on the school desk together in her class, but the classroom had enough free space
for students. The classroom had a smart board, internet connection and two white

boards.

T3 expressed that the 7th grade class included students with average and poor level
mathematics knowledge and skills. She also stated that school neighborhood had low-

income families. Her students’ family education level was also low.

Teacher 4 (T4) was in her 10th year in the profession and her last 3 years were in the

same school. She had B.S. and M.S degrees from public universities and she finished

the courses in her doctoral program at the time of the study. She was teaching to the

7th grade students. She described her class, which included 29 students, as crowded.

Two students sit on the school desk together in her class and the classroom was

narrower and longer than the other classrooms in this study. Thus, there was
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inadequate free space for students. The classroom did not have a smart board, but
there was rather an old computer, projector and internet connection, and one white

board.

According to T4, the mathematics knowledge and skill levels of 7th grade students
were variable; half of them were above the average and quarter of them was below
the average. She claimed that her school was the most successful school in that
neighborhood. She also stated that school neighborhood was mixed with medium and
upper medium income families. Most of the parents had professions such as doctor,

teacher, engineer and tradesmen.

Teacher 5 (T5) had been teaching for five years and she had been teaching in the
same school since she began teaching at the time of the study. She graduated from a
public university with bachelor degree and continued with Master’s degree in the
same university. She was teaching 7th grade students. She stated that her class had
14 students where a small number of students had behavior disorder and a few of
them were inclusive students. Two students sit on the school desk together in her
class, but the classroom had considerable free space for students. Classroom size was
good for teaching and airflow because the number of students was not high. The
classroom had two white boards and a smart board which was not working because

there was no internet connection and electrical connection.

T5 express that the 7th grade students had poor level of mathematics knowledge and
skills. She also stated that the school neighborhood consisted of very low-income
families and families where parents were lot living together. Most of the students
were raised by grandparents. The neighborhood was under an urban transformation

project.

Teacher 6 (T6) has been teaching for 10 years where the last 5 years were at the same
school. He graduated from a public university with bachelor degree. He was teaching
7th grade students, and described his class crowded because there were 30 students
in a limited space. Two students were sitting on the school desk together in his class
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and the classroom had limited free space for students. The classroom had a smart

board, internet connection and two white boards.

According to T6’s description, 7th grade students’ mathematics knowledge and skill
level were good. He also stated that there were 10 students in the school who gave
correct answers to all questions in the national exam in the previous year and his
school was one of the most successful schools in that neighborhood. He also
expressed that there were high-income families in the school neighborhood. Most of

the parents had professions such as doctor, judge, public prosecutor, and engineer.

3.3 Data Collection Tools and Procedures

Qualitative data are generally collected by observation, interviews, documents, and
audiovisual materials (Cresswell, 2007). Interviews are the crucial data collection
tools in case studies and using multiple data sources enable to explore the issue or
case deeply (Cresswell, 2007; Yin, 2003). Due to the complex structure of PCK and
beliefs, it is difficult to assess them (Baxter & Lederman, 1999) and collecting data
only through one way may give incomplete or inaccurate information. Therefore,
three types of data collection strategies were employed to answer the research
questions as two rounds of semi-structured interviews, interviews based on vignettes
and observations of participants. First, semi-structured interviews were conducted
before the academic year. One week later, the second semi-structured interviews were
conducted. Then, a few days later, interviews based on vignettes were conducted with
participants. Observations started at the beginning of the fall semester and continued
during the semester.

3.3.1 Interviews

Researchers unfold participants’ thinking about the phenomenon with the interviews
(Ritchie & Lewis, 2003) because interviews can provide a deep understanding of
what is in people’s mind (Creswell, 2012). Merriam (2009) categorized interviews
into three types: (a) highly-structured in which questions and their order are

predetermined; (b) semi-structured in which all questions are used in flexible order
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and wording; and (c) unstructured, which is more like a conversation, and uses to
more formulate questions for later interviews. In semi-structured and unstructured
interviews, the researcher uses more open-ended questions (Merriam, 2009). In the
current study, semi-structured interviews were conducted to provide a more open-
ended and flexible process. All questions in the interviews were asked to all
participants, and then to understand or explain the responses, articulated questions
were asked in this study. All the interview processes were conducted in one-to-one
settings. Before having interviews, the place where participants preferred and felt
comfortable were asked, and all of them selected an empty class or quiet place in their
school. The duration of each interview ranged from 45 minutes to 1 hour 10 minutes.
Interviews and vignettes were finished one week before the fall semester of 2017 —

2018 academic year.

The first interview (Interview 1) questions were developed in line with the related
literature and by considering Haser’s (2006), Isiksal’s (2006) and TEDS-M (2008)
studies closely. The first interview started with the questions about demographic
information of teachers and their experiences. Then, questions mostly about teachers’
beliefs, opinions, thoughts and purposes about mathematics, curriculum and
influencing factors were asked. The last part of Interview | was related to teachers’
beliefs and opinions about mathematical problems, problem solving and strategies.
This interview was conducted before the school year started. In Table 3, sample
interview questions are presented, and all questions in Interview | are given in

Appendix A.

42



Table 3.

Sample Questions from Interview |

Related to Interview Questions

Background How many years have you been teaching?
Which department have you graduated from?

About What does it mean to know mathematics?

Mathematics

Curriculum

Teaching

Other factors

Problem Solving

What is your purpose when you are teaching mathematics?

When middle school curriculum is considered, are there any
concepts or topics that are the most important, fundamental or
central in the curriculum?

Why are these important, fundamental or central?

What are the factors which influence your mathematics
teaching?

How do you feel when you are teaching, learning and engaging
in mathematics?

Can students learn mathematics without teacher? (If yes,) How?

Are there any pressures or supports that affect your teaching?
(such as from students, parents, school administrators) (If yes,)
How?

What does a “mathematical problem” mean for you?

What is the importance of problem solving in mathematics?
What do students gain?

How do you know that your students have understood a
problem?

The second interviews (Interview Il) were conducted one week later. Interview Il
questions were developed based on Haser’s (2006), Isiksal’s (2006), and TEDS-M

(2008) studies and in line with the related literature and the national curriculum.

Interview Il had questions about teachers’ opinions and preferences of teaching

mathematics, fractions and rational numbers. This interview started with their

practices, general preferences and understandings about their lessons. Then,

questions related to teaching fractions and rational numbers were asked. Lastly, how

they imagined their ideal classroom was described by the teachers. Sample questions

of Interview Il are presented in Table 4, and all questions are given in Appendix B.
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Table 4.

Sample Questions from Interview 11

Related to Interview Questions

Lessons Do you make a lesson plan before your lessons? (If yes,) Do
you use additional resources? (books, printed paper, etc) (If
yes,) What are those resources?
Which topic do students understand better? Why do they
understand this topic better?

Teaching How do you teach fractions? (If demonstration / using material

Fractions (same /link to other subjects / link to real life) How?

questions were Do your students have difficulty in understanding any

also asked about case/concept about fractions? (If yes,) What is that?

rational Which measurement and assessment instruments/methods do

numbers) you use to assess students’ knowledge about fractions? Why do
you choose this instrument/method?

Ideal Class What do you think about your ideal class? Can you define it?
Do you think that you are teaching ideal class?

3.3.2 Observations of the Teaching Process

Observations are also one of the primary sources of data in qualitative research
(Merriam, 2009). Marshall and Rossman (2011) defined observation as it “entails the
systematic noting and recording of events, behaviors, and artifacts (objects) in the
social setting” (p. 139). If a researcher wants to reach a fresh perspective about an
activity, event, or situation, then observation is the best technique to use (Merriam,
2009). Therefore, in addition to the interviews with six teachers, observations were
conducted during teachers’ entire instruction of rational numbers. What to observe
depends on several factors, such as researcher’s purpose or the theoretical framework
or the problem (Merriam, 2009). The main purpose of the observation in this study
was finding examples of their use of PCK and how the beliefs they expressed in the
interviews might be interacting with their PCK when they were teaching, planning,
and assessing. Merriam (2009) states that observations can be used to triangulate
emerging findings. Therefore, it is used to substantiate the teachers’ responses to

interview questions in this study.
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All observations were conducted during the Fall semester of 2017 — 2018 academic
year. Participants were observed for five lessons per week, and notes were taken by
writing down during the observations. The duration of the observations were: T1 for
28 hours in the 7" grade and 24 hours in 6" grade classrooms; T2 for 24 hours in the
6" grade classrooms; T3 for 20 hours in the 7" grade classrooms; T4 for 17 hours in
the 7" grade classrooms; T5 for 15 hours in the 7" grade classrooms; and finally T6
for 21 hours in the 7" grade classrooms. Most of the notes were about teachers’
teaching practices because | focused my attention on the teachers. I was continuously
writing down while they were teaching in the class. | sat on the desk at the back of
the class during the observations and did not have any interactions with the students
and/or teachers in order not to distract them, and did not participate in the classroom
activities. Based on Merriam (2009), in the current study, | was the “observer as
participant” which means that researchers observe the group or person to gather the
information. Participation in the group is the secondary role. After the observed
lessons, if necessary, | noted down my personal interpretations of the observations in
the observation notes.

3.3.3 Vignettes

Observations provide useful data to make sense of teachers’ beliefs, PCK and their
instruction. However, repeated observations over time can be difficult to conduct, or
result in misjudgements or errors. On the other hand, less frequent observations may
not provide an accurate measurement (Stecher, Le, Hamilton, Ryan, Robyn, &
Lockwood, 2006). Thus, only observation or interview can be inadequate to
understand teachers’ belief and PCK. In that case, vignettes can lend assistance to
gather accurate data (Campbell, 1996; Jeffries & Maeder, 2005) because vignettes
are more realistic or closer to classroom context (Stecher et al., 2006). Vignettes are
specific scenarios, which can include students’ comments, questions, solutions, and
misconceptions. Vignettes also consist of a case describing a part of a lesson, and/or
a confusion in the class (Campbell, 1996; Ebert, 1994; Jeffries & Maeder, 2005), so
that teachers respond each vignette in that case. Vignettes should give an opportunity
to bring out the specific ideas (Campbell, 1996). Jeffries and Maeder (2005) found
that vignettes were an effective assessment tool in teacher education, especially to
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assess pedagogical understanding. In the literature, vignettes have been used for
different purposes in education, such as to identify beliefs and attitudes and to assess
knowledge and effective teaching (Jeffries & Maeder, 2005). Therefore, in order to

understand the teachers’ beliefs and PCK, vignettes were used in this study.

There are eight questions in vignettes. To prepare or generate each question, cases,
or tasks in Van de Walle, Karp and Bay-Williams (2013), TEDS-M (2008), Haser
(2006), Isiksal (2006), and Tekin-Sitrava (2014), the related literature, national
curriculum and textbooks were used as resources. They were checked by two
different experts for the face and the content validity, to ensure that all problem
situations in the vignettes were carefully defined. Vignettes were conducted one week
after the interviews. Teachers responded vignettes individually and, in the meantime,
meetings were recorded in an interview fashion. A table of specifications for vignettes
in terms of PCK components and Kieren’s (1988) sub dimensions are presented in
Table 5, and as his definition, Part-Whole component is subsumed under the ratio

construct. Questions in vignettes can be seen in Appendix C.

Table 5.
A Table of Specifications for Vignettes
Mathematical Knowledge of Enacting
Curricular Planning for Mathematics for
Knowledge Mathematics Teaching and
Teaching and Learning
Learning
Measurement Q3
Quotient Q3 Q2 Q2, Q7
Operator Q3, Q6 Q1, Q7 Q1, Q6, Q7, Q8
Ratio Q4, Q5 Q4, Q5

3.4 Pilot Study

Before conducting the actual study, a pilot study was conducted to ensure the clarity
and suitability of interview protocols and vignettes. Clarity and comprehensiveness
of the interview protocols and vignettes were also checked. Pilot study was conducted

with two teachers three months before the main study. These teachers in pilot study

46



have several characteristics and background in common with the participants in terms
of teaching experience, educational level and school neighborhood, but they did not
participate in the main study. Table 6 presents pilot study teachers’ characteristics.
Two interviews and interviews based on vignettes were done with them in three

different times in the same week.

Table 6.
Participants of the Pilot Study

Parts. Gender Year in Educational School Student
the level Neighborhood Achievement
Profession and Family
Education Level
P1 Female 5th year M.S. Low Poor
P2 Male 10th year  B.S. Medium - Low Poor

Teacher 1 (P1) had been a teacher for five years at the time of the study and at the
same school in the last four years. She graduated from a public university with
bachelor degree and she was teaching 5, 6" and 7™" grade students. She described
her classrooms as crowded because they ranged from 38 to 43 students. Her class had
a smart board, internet connection and two white boards. P1 claimed that the levels
of her students were poor. She also stated that school neighborhood was composed

of low-income and low-education level families.

Teacher 2 (P2) had been a teacher for ten years at the time of the study and at the
same school in the last six years. He graduated from a public university with bachelor
and master’s degree. He was mostly teaching 8™ grade students. In his first year, he
taught 5" grade students. As P1, he described his classrooms as crowded because
they ranged from 40 to 45 students. His class had also smart board, internet
connection and two white boards. P2 claimed that his students’ levels were poor and
school neighborhood consisted of low-income families. According to P2, his

students’ family education level was mixed with medium and low level.
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All interviews and vignettes in the pilot study were recorded and transcribed.
Findings of the pilot study addressed that interview protocols were applicable in
terms of clarity and comprehensiveness. Three questions in the vignettes were
improved. To increase clarity, little changes in questions or sub questions were done

after taking the expert opinions.

3.5 Data Analysis Procedure

Qualitative data analysis starts from the first interaction with participants and goes on
throughout the entire study (Gay et al., 2009). In qualitative research, one of the
purposes of data analysis is to describe the case holistically and in depth (Yin, 2003).
Moreover, in data analysis process, the aim is to get meaningful parts by reducing
them, so that the research questions can be answered (Merriam, 2009). The data of
the current study were gathered from multiple sources. Merriam (2009) suggests that
first of all, a researcher should prepare data for analysis. Creswell (2009) also
explains six steps to follow in qualitative data analysis procedure: i) arrange and
organize the data for analysis; ii) read all the obtained data; iii) code the data; iv)
produce the themes and/or the descriptions from the data; v) interrelate the themes
and/or the descriptions; and vi) interpret the meaning of the themes and/or the
descriptions. These steps were followed for data analysis in this study. Therefore, |
began analysis by producing verbatim transcripts of each interview recording. Then,
the questions and responses of vignettes were transcribed verbatim. Observation
notes were also scanned and prepared for analysis. All data then were imported to
MAXQDA 2018 qualitative data analysis software. Before the coding process,
reading all transcriptions is suggested in order to get general sense of data (Creswell,
2009; Merriam, 2009). Thus, | read all the transcriptions and observation notes
without an analytical perspective to have a general sense of the data. Then, | began

the coding process.

In the coding process, there are two common methods to analyze: (a) open coding
method in which researchers develop codes based on their conceptual understanding;
(b) using the pre-determined codes in which researchers use the developed codes that

are based on the phenomenon or findings in the literature (Creswell, 2007; Miles &
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Huberman, 1994). In the current study, pre-determined codes were used. TEDS-M
(2008) PCK framework was used as PCK codes, and belief statements were coded
under the guidance of the TEDS-M framework with some room for additional
emerging codes. Deciding on what is being coded is important in the coding process
(Creswell, 2009; Merriam, 2009). Thus, any meaningful chunk of statement (e.g., a
sentence, several sentences, or a paragraph) about the PCK and beliefs was coded. In
the open coding part, “meaning” was also used as the unit of data, and similarities
and the relationships among codes were examined. After my coding process ended
and open coding process seemed to be saturated, a second coder coded one
participant’s interviews and vignettes. The second coder is an expert who has PhD in
the mathematics education field and has studies about teachers and teaching.
Therefore, it is possible to claim that she has a sufficient knowledge of mathematics
related PCK and beliefs. Before she started the coding process, the TEDS-M (2008)
MPCK framework and PCK codes were introduced to her and a detailed discussion
took place. In her initial analysis, there was an 80% agreement on the coding
statements and codes. In addition, there was a 70% agreement in open coding part of
beliefs codes. In order to ensure inter-coder agreement, at least 80% agreement
should exist (Miles & Huberman, 1994). Although there was a fairly sufficient
agreement on the codes, disagreements were discussed until the agreement was
reached to at least 90%. For the remaining data of other participants, the second coder
did not individually code because of the time issues. However, it was decided that the
codes were appropriate for the understanding of teachers’ PCK and beliefs. Then, |

continued to the coding process of the rest of the data.

3.6  Trustworthiness

Trustworthiness is used for the issues of reliability and validity in qualitative research
(Lincoln & Guba, 1985; Merriam, 2009). Moreover, in qualitative terminology,
credibility, transferability, dependability, and confirmability were used instead of
internal validity, external validity, reliability and objectivity (Creswell, 2009). For
qualitative methodology, trustworthiness should be ensured because findings and

interpretations are needed to be accurate (Creswell, 2012; Yin, 2003). Merriam
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(2009) states that credibility is necessary to conceptualize the study based on the

findings. Therefore, I used the term “trustworthiness” in this study.

In order to provide the trustworthiness of a qualitative research, several methods have
been used in the literature. One of the common and suggested strategies is thick
descriptions (Creswell, 2009). In thick descriptions, researchers give detailed
explanations about the context and process of the study, how the participants are
selected, how the data are analyzed, and how the findings are revealed (Merriam,
2009). Thus, to provide rich and thick descriptions, detailed explanations about each
procedure followed in the current study were given. Employed theories and
frameworks from the literature were presented, and detailed explanations of
participant selection and data analysis procedures were given. The explored findings
were also presented with detailed quotations. On the other hand, the rich and thick
description can be used to transfer this research study to other studies. Transferability
of the qualitative design to other situations refers to external validity or
generalizability (Merriam, 1999). In case studies, representativeness for similar cases
is important for generalizability (Stake, 1995). Merriam (1999) suggests thick
description, modal comparison, and sampling within in order to strengthen the
external validity of a study. Besides, all the interview protocols in this study were
checked by two experts in order to ensure the face and the content validity.

Another common strategy is a triangulation. Creswell (2012) define triangulation as
“the process of corroborating evidence from different individuals (e.g. a principal and
a student), types of data (e.g. observational field notes and interviews), or methods of
data collection (e.g. documents and interviews) in descriptions and themes in
qualitative research” (p. 259). In the current study, the three different data collection
tools, which were the interviews, observations and vignettes, provided the
triangulation of data. Moreover, a second coder who coded some part of the data

contributed the triangulation.

In qualitative research, clarifying the researcher’s role is considered as a crucial step

in the trustworthiness of the study (Creswell, 2007; Merriam, 2009). As the researcher

of this study, | received a bachelor degree in elementary mathematics education in
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2009. After this, | enrolled in a Master of Elementary Science and Mathematics
Education degree program and studied pre-service teachers’ technological
pedagogical content knowledge, geometry knowledge, and effects of instructional
technologies on these. After |1 completed the Master’s degree, | enrolled in a
Mathematics Education PhD program. In the current study, | used to know two
participants who graduated from the same university that I did, but I worked with all
participants for the first time in their teaching profession. Thus, | did not have any
previous knowledge about their professional experiences and ideas. On the other
hand, when participants share their views, there is a possibility of respondent bias. It
means that participants share the desired responses rather than their actual views
(Creswell, 2007). In order to eliminate this threat, | used vignettes and observed their
teaching process. In addition, the findings of the current study indicated that all
participants shared honest views with me throughout the data collection process.
Their interview responses about teaching were consistent with their actions. Hence, |

assumed that respondent bias was not a treat for this study.
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CHAPTER 4

FINDINGS

In this chapter, the results of the analysis to respond to the main research question
and subquestions are presented:
How do middle school mathematics teachers’ beliefs and their PCK interact in
teaching rational numbers?
1. What is the nature of middle school mathematics teachers’ PCK regarding
rational numbers?
2. What is the nature of middle school mathematics teachers’ beliefs regarding
rational numbers?
3. What is the interaction between middle school mathematics teachers’ beliefs

and their PCK for teaching rational numbers?

The chapter’s sections are organized in the order of research questions. Participants’
responses from instrument, vignettes and observation notes and their comparisons are
presented under these sections. In order to understand their PCK and beliefs, findings
are presented based on the TEDS-M framework for the PCK but not for each
participant. Yet, all different findings are given for each component. For the beliefs,
first, participants’ beliefs are presented for each participant. Then, participants’

common and different beliefs are presented for three different types of beliefs.

In the abbreviations in the quotations below, T and a number addresses the
participants. “O” refers to observation data, “l1” refers to the data from first interview
and “12” refers to the data from second interview. For instance, T3 12 means Teacher
3’s responses from the second interview. Besides, “VQ” stands for vignette questions
and the number is the question number. To give an example, T2_VQ4 means the data

from Teacher 2’s responses to 4™ vignette question.
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4.1 The Nature of Middle School Mathematics Teachers’ PCK Regarding

Rational Numbers

In this part, the findings of the interviews, vignettes and observation notes are
presented through the TEDS-M framework in order to document participants’ PCK.

4.1.1 Mathematical Curricular Knowledge in TEDS-M

The mathematical curricular knowledge subdomain comprises establishing
appropriate learning goals, knowing different assessment formats, selecting possible
pathways and seeing connections within the curriculum, identifying the key ideas in
learning programs, and knowledge of mathematics curriculum. Nonetheless, there
was not any evidence to in relation to establishing appropriate learning goals in the
data.

For knowledge regarding assessment formats, interviews and observation notes
indicated that participants knew about open-ended, multiple choice, ordering, short
answer, and true-false questions. However, they mostly used open-ended questions
in their exams. T1 said that she asked questions that required multiple operations in
solving them. She expressed that she asked about operations in word problems,
however, she mostly used problems as suggested in the curriculum, not in exams, as
other teachers. In lessons, participants mostly asked questions to understand whether
students learned properly or not. Besides, T2 and T3 stated that they sometimes used
pop-quizzes, but they did not include their results in their students’ final score. They
just checked whether their students learned the concept or not.

For selecting possible pathways and seeing connections within the curriculum aspect,
all participants made connections between rational numbers and previous topics in
their teaching. For instance, they reminded the whole numbers when they taught
rational numbers, especially negative parts. In practical terms, participants also made
connections between old and new knowledge. To give an example, when T1 taught

the improper fractions, she expressed that it was learned in the last semester and she
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just reminded. In rational numbers lessons, if the subject were related to the past
learned subjects, all participants reminded the learned knowledge to students. T4, for
example, reminded how to equalize the denominator which was in the fraction’s topic
in the last semester. Besides, they mostly reminded the previous lesson at the

beginning of the new lesson. Then, they started the new subject.

When participants’ identification about the key ideas in learning programs was
investigated, it appeared that they mostly focused on the curriculum. They mentioned
the key ideas of learning programs a few times in their interviews, vignettes and
lessons. For instance, T1 said in her lesson that: “.../t adds on every year. Our
curriculum has a spiral structure, so if you don't understand it this year, you'll have
difficulties the next year” (T1_O). T4 and T6 mentioned the same idea in the
interview. In teaching multiplication of rational numbers, T1 and T3 started with
adding rational numbers. Then, they said that multiplication was the short cut for
“adding the same number”. T3 also expressed that division was the shortcut for the
subtraction. In participants’ general idea, numbers and algebra were the basic, central
content in mathematics because, they claimed, most of the other contents and topics

built on them, and tied up the next issues.

Participants’ knowledge of mathematics rational numbers curriculum seems to be
adequate. Ordering fractions and operations of fractions were instructed in 6™ grade
curriculum. Moreover, teachers should introduce and compare rational numbers,
make operations and solve problems in rational numbers in 7" grade curriculum
(MEB, 2018). The guidebook by the Ministry, which included the learning outcomes
respectively and some examples about how to teach particular concepts, was helpful
for the teachers to remember the learning outcomes. They were also aware of what
they had to teach in curriculum, but they acted differently when they taught about the
content. They pointed out part-whole relationship, meaning of addition, whole-
rational number relationship, negative rational numbers, and the idea about
exponential numbers in their interviews and observation data. Moreover, they knew
what they taught to reach rational numbers learning outcomes. To give an example,
the in 6™ grade curriculum, multiplication of whole number and fractions was taught
with repetitive addition. T1 and T2 also explained to students in this way. In addition,
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they explained the meaning of multiplication such as multiplication OfE and a number

means to half of the number. All teachers were able to draw a multiplication model

of rational numbers readily. For instance, in vignette question 1, it was asked to draw
. 3 3 .
a visual model of 5 x o and they drew the model of T 5 times. Then, they stated

that they added 5 times, which meant multiplying, and it was the way of teaching
multiplication with models. It was seen T4’s visual model of the multiplication of

rational numbers in Figure 4.

. . 3
Figure 4. Sample visual model of 5 x To

In vignette question 6, how to respond to a student who wanted to apply the
multiplication rules on addition of rational numbers was asked. Most of the
participants showed the operations correctly, but procedurally. T6 tried to explain

why the same denominator had to be used in addition operations whereas it was not

. e . . 1.1 .
needed in multiplication. He gave an example of an addition operation of > + 3 with

2. 5 . .
two results; < (incorrect) and p (correct) to show the difference. He also drew addition

models (Figure 5) to show the meaning of and difference between addition and
multiplication of rational numbers. Moreover, T6 stated that without understanding

addition models, giving multiplication models was meaningless.
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Figure 5. Addition and multiplication models

Although the participants seemed to have sufficient knowledge regarding
multiplication and addition of rational numbers, they did not know reasons or
background of all rational numbers content. For example, almost none of the
participants could draw a division model of rational numbers although the 6" grade

curriculum had a learning outcome about the use of models in teaching division of
: . : . . 3
fractions. In question 1 of the vignette, drawing a visual model of 5 + To was asked,

as it was in the curriculum. Only T1 strove the drawing afterwards of the vignettes.
However, she did not show the visual model of division when she saw for the first
time (see Figure 6). She strove at the end of the vignette, but again, she could not do
it. After the vignette process, she tried to do it and sent me the photos of the division
model. Participants said that they taught the division of rational numbers with rules,
even though they used some different methods in their teaching. It seemed that
participants mostly focused on the procedural knowledge about division operation of

rational numbers.
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Figure 6. Sample visual model of 5 + 110

Similarly, question 7 of vignette asked teachers to respond the student’s claim with
drawing the model of % -+ % However, they could not draw it properly even though
they tried for several times and with different rational numbers. Figure 7 shows T1’s
attempts to draw. She turned back to the model of 5 + 110 in question 1 and tried to

draw it, but could not reach the right model.

Figure 7. T1’s drawings for division models
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She gave up that moment to try again later. She said that she forgot or disregarded
the model even though she learned it during her graduate education. Four weeks later,
she handed me a paper on which she drew several division models as given in Figure
8.

Figure 8. T1’s subsequent drawings for division models

Question 3 of the vignette asked the comparison in four story problems in terms of
difficultiness. The first and the fourth problems were related to the fractions in the 6™
grade curriculum whereas the second and the third problems were related to the
rational numbers in the 7" grade curriculum. Participants were expected to respond
in terms of curriculum knowledge. Although, T1, T3 and T4 pointed properly that the
second and the third problems were more difficult, their reasons were different. They

stated that their students would not be able to do multiplication, proportioning, and
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operations of improper-proper rational numbers that the problems required. T4
defined the basis of difficulties correctly that there were negative numbers in the 3"
problem and a division issue in the 2" problem, but she did not mention the
curriculum. On the other hand, T5, T2 and T6 did not select the 6" grade and 7" grade
problems correctly. They struggled with numerals in problems. The interesting
finding was that T6 defined which curriculum the four problems belonged properly.
However, he selected the first and the second problems as more difficult, and claimed
that students did not handle ordering fractions in 6" grade. That is to say, none of the
teachers in this study noticed the content of the curriculum, even though they showed
indicators of such knowledge and knew what they taught. In short, they seemed to
have adequate knowledge about the key ideas in curriculum and could see the
connections within the curriculum especially in terms of learning outcomes and
procedural knowledge. However, they could not state the rationale of the key ideas
and how to show and explain to the students properly. They had deficiency about the

conceptual knowledge of particular concepts in rational numbers.

4.1.2 Knowledge of Planning for Mathematics Teaching and Learning (pre-
active) in TEDS-M

Based on the interviews and observation notes, all participants used both textbook
and additional sources in their lessons. T3 used mostly additional sources, especially
smart notebook on smartboard in her lessons, and other teachers used textbook and
additional sources together. They adopted some exercises and worksheets they found
in the Internet. T1 and T3 also used interactive websites in some lessons such as
Morpakampus, Mathplayground. T6 tried to use morpakampdus, but he could not

connect to the website and internet.

T1 used supplementary sources which were “more visual, rich in content” (T1_I1)
because “students understand better. They understand and enjoy the lesson better”
(T1_11). In general, participants expressed that textbook was inadequate for teaching,
especially because there were not sufficient number of exercises and examples: “...1
don't think the number of examples or exercises in the textbook are enough. Yes, the

examples may explain the subject well, but there could have been more exercises”
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(T3_I1). T6 had the same opinion that “the content is very empty, that is, one on each
topic, that is ... there is one leaf of homework. You know, [the book] is very
insufficient in terms of homework”™ (T6 11). T5 stated that “There are very few
questions in the textbooks” (T5 11).

Teachers expressed that they did not make any daily lesson plan, but they did
preparations before the lesson. They did not write anything but just roughly revised

the subjects except for T2. The reason could be that they were experienced teachers:

after a certain amount of time, that is, the job becomes automatic, that is. You
know more or less what to explain. You are looking at the content of the book.
You know, | was preparing for lessons in the first years, That is... Now you
know what to explain to the students after a certain period of time (T6_11).

For the written preparation, T3 stated that

| don't make a preparation every night, but especially when I'm going to start
a new topic or at the end of the topic... Since there are not enough exercises
for the students, there are also tasks that | write myself or combine questions
from the internet (T3 _I1).
T4 also mentioned same idea that “Usually, if I've never taught the subject in any
class, that's the first time I'm going to explain it. I'll write it down at home on a piece
of paper and figure out what questions I'll solve” (T4_11). Only T2 expressed that

she made a worksheet and preparation one night before her lessons.

Planning or selecting appropriate activities and planning appropriate methods for
representing mathematical ideas: For this aspect in the framework, how they taught
fractions and rational numbers was asked in interview. They described the
introductions of fractions and rational numbers in their lessons. T1, T2 and T3 wanted
to use concrete materials, whereas T5 and T6 underlined the real-life examples such
as cake, paper modelling, and bread when they introduced the fractions. For instance,

T1 expressed that:

We are bringing fruit. | have it brought [by the students]. I start by dividing
them. You know, so they understand what a fraction means. After that... well,
I've never used a fraction card or anything. Then, there is an apple and so on.
In fact, we [make them] bring tangerines and peel them. (T1_12)
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The reason for bringing these concrete materials was to introduce the fractions from
the whole to the piece. T3 said that she used a mandarin (to represent the whole and
the pieces) because it drew the students’ attention. After using concrete materials, T1
switched to the number line, and continued with it. She explained the purpose of using
number line as “I think students understand the number line well. That’s to say, when
they see it on the number line ... they actually understand that there is a fraction and
also division. I mean, | can say that they make it more concrete in their minds”
(T1_12). She also said that she did not use fraction cards because she did not prefer

and they were unnecessary. However, T2 asserted that

If I can't find anything, [l show] with paper in my hand, it's like I divide this
and spared this.. ... I use fraction blocks as much as I can... And then in
fractions, for example, when | explain the multiplication in fractions, colored
things in these fraction blocks work for me on fraction cards.

On the other hand, T6 gave an example with bread, he claimed that

I generally use bread a lot. It's bread, because in everyday life, everyone cuts,
slices, divides. It's something that [the students] divide, such as one whole
bread, half a whole bread, a quarter whole bread. | try to explain through
[bread] all the time.
however, bread is not a good example for fractions because it is hard to divide into
equal parts. Then, he continued teaching with direct instruction through examples and
operations. In the same way, T4 used direct instruction in her teaching. She stated
that she used fraction cards for the first time to introduce fractions, but she gave up
this method because “The fraction cards on the acetate work at first, but they don't
work at the next stages. At first... [they are] good for seeing that the whole is of equal

size...” She also taught the rational numbers in the same way.

In rational numbers, T1 and T5 planned to use the number line for the transition from
natural numbers to integers. T1 stated that

...as we fill in between integers on the number line, the number line also has
a negative part. Well, | will ask the students what we're going to do there. I'll
start [the subject] it that way, by questioning whether [the same idea] is here
or not (T1_12).
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The reason for the using the number line was that she could not concretize negative
rational numbers and her students were familiar with the number line. On the other
hand, T6 and T3 connected the negative numbers with fractions. T3 also included
whole numbers within rational numbers. She wanted to use direct instruction method
and said that: “...7 say think like natural numbers.. which appear as normal positive
numbers. | say that now we see the fractions with minus. Yet, | say, we give the
fractions a different name. I'm making an introduction like that.” In addition, T2 and
T4 expressed that they used direct instruction method with examples and exercises as
they did in fractions. It seemed that all participants used more abstract concepts in
teaching rational numbers whereas they used more concrete materials, examples and

methods in fractions.

Predicting typical students’ responses, including misconceptions: In order to
understand all participants’ knowledge about this aspect of the framework, responses
in interviews and vignettes were examined. T1, T3, T6 stated that their students
generally had difficulty in understanding meaning of numerator and denominator,
especially how to read rational numbers for T1 and T3’s students. In addition, T1
stated that they had difficulty in addition of rational numbers and they added
denominators in the addition process. T3 also stated that students made additions and
subtractions without equalizing the denominator. For the sources, T1 said that she did
not identify the sources of these difficulties in full measure, T2 and T3 pointed out
the same reason: “I mean I guess the source of the difficulties is that the concept is
not understood totally” (T2_12). Ultimately, according to T1, students had deficiency
regarding the meaning of part-whole relationship. Besides, T3 pointed out that
students had deficiency in doing multi-step operations in rational numbers and the
reason can be more abstract. T4 mentioned that students confused the rules and they
had difficulty to solve problems. According to T4, the reason could be that
memorizing many rules was difficult for students. Similarly, T6 and T5 said that their
students mixed negative rational numbers when taught as “reverse the rules of

positive ones.”

In question 1 of the vignette, students’ misconceptions and possible sources were
asked in multiplication and division of rational numbers. Participants addressed them
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adequately. According to them, students might generalize division and multiplication
rules in whole numbers to rational numbers such as multiplication increased the result
and division decreased the result. Teachers’ general opinions about the possible
sources of these misconceptions were deficient teaching. If students learned the
meaning of multiplication and division of fractions very well, such a misconception
would not occur. To remedy and prevent the occurrence of their misconceptions, they
thought that examples from division of fractions and whole numbers should be given

together and compared with each other.

For the question 2 in vignette, participants predicted the possible reasons of students’
selections regarding the half of the pizza A (smaller in size) or a third of the pizza B.

According to them, the students who selected pizza A thought that they ate a half of
the pizza because % was bigger than é and thus, they ate more pizza. On the other
hand, the students who selected pizza B thought that pizza B was bigger than pizza
A, and one could eat more pizza even when it was % of the pizza. They mostly

expressed that pizza A and B were different wholes, so two different wholes could

not be compared to determine the sizes.

In question 4 of the vignette, participants interpreted 6 grade students’ answers for
3 questions in the exam (Figure 9). For option (a), they stated that the students could
not comprehend how to divide a whole on the number line, and students could not
understand the whole number concept. The students accepted the interval between 0
and 5 as a whole. T1, T4, and T6 also emphasized that they had never seen such a
mistake. They mostly asked the number line question in similar way, but they gave
the number lines as written with wholes (0, 1, 2, 3,..) oronly 0 and 1. T4 and T6 also
blamed these students’ teacher for giving only 0 and 5 and leading to confusion in

students’ mind.
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a) Show the E on the following number line .
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€) What is the fraction that should replace the A shape on the following number line?
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Figure 9. Question 4 of vignette - Sample answers from exam

Moreover, giving number line as in option (a) was interesting for T1, and she wanted

to use the item in her lessons:

...I never thought about this, it seemed very interesting to me. Actually, it's a
good thing, so it can be used. You know, to measure. It can be used to make it
difficult. I've never used something like this... | wonder what they will do. Now
I will try this in the... I'll try at least once in the class and see what they will
do. (T1_VQ4)
After that she asked the number line as an option (a) in her lessons and students
divided the wholes correctly. Moreover, T1 encountered the case in option (b) in her
lessons. In her opinion, it was based on that students could not distinguish between
proper and improper rational numbers and not to make a part-whole relationship. T3
and T6 argued that the student in (b) mixed the denominator and numerator. They
said that the student assumed that the smaller number was the numerator. Likewise,
option (b), they met many times with option (c), and the reason could be the same for
the teachers: Students could not understand the improper rational numbers well. In
addition, they could not see the 0-1 range in number line or did not notice the whole,
1. For question 4, teachers generally expressed that students had a problem about

comprehending the whole concept, and they did not understand it very well.
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For the Identifying different approaches for solving mathematical problems aspect of
framework, teachers mostly stated that they wanted to show different solutions if
students solved with different solutions properly. For instance, T3 said that if students
reached the solution just by chance with a way that would not work for other, then
she would find a new example and indicate that the way would not work the new
example. T4 stated that she liked different solutions and encouraged students to use
them. On the other hand, T6 did not show all solutions because he acted based on

students’ level:

...class level, that is if you teach it, it will cause other things that will confuse
students’ mind, SO you never teach it. You say [to the student with a different
solution] that it is correct individually. ¢ is true that you did but... let's not
explain this here. Because it can go in different directions (T6_12).
Based on the vignette responses, teachers mostly did not prefer to draw a visual model
of division and multiplication of rational numbers. Moreover, all participants drew
the multiplication model, but they did not indicate a visual model of division except
for T1. She also could not draw the division model at the first time. She tried and
checked the model several times, but did not reach the right one. She gave up drawing
it during the vignette interview; however, she said that she would look at this model

again. After three days, she sent the right model.

In the vignette, question 8 relates to teachers’ actions when they encounter a

different solution method:

When they saw the question, participants first checked the results and found same
result with the student. Then, they thought that there was nothing to say about
operations and the result as it was reasonable. When T6 thought that commutative

property of multiplication should work not only on the right side but also on the
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leftside. Furthermore, he noticed that the solution was not correct in reverse.
However, the question was about distributive property and making operations on both
side should gave the same result. Although T6 reached the correct result, the way he
reached that result was not completely correct. He said that this solution could not be

generalized for all questions:

[I explain that] commutative property does not have reverse... And here,
for example, it's only from the right side. On the left side or when | get it at
the beginning, it does not happen. | mean it can be applied here, but it's not
a general rule, so you know, division isn't an operation [with commutative
property] anyway and so on. | teach that it is not happen from there.
(T6_VQ8)

and he solved this question on the other side by himself and used this model (Figure
10).

4 [ 142 [ b e 0 g L
) L 9 L y P I
f” { ,3 — ,{(
C (¢

Figure 10. T6’s solution for question 8 in vignette

On the other hand, T6 accepted the student’s solution, but he showed the other side
and expressed the student that it would not work all time, so it was not acceptable.
T3 strove to find a way to refute student’s solution, but she could not make it. She
said that she accepted the solution in exams, she was not convinced that it could be
generalized. Similarly, T4 refused the solution at the first view because she stated
that “In other words, since there is no commutative property in the division operation,
nor there is the distributive property” (T4_VQ8). However, she tried to do it and
found the same result. Then, she had to accept the solution. T1 also did not accept
this solution as correct in the first view. However, she did not have proper reason for

rejection. In order to affirm herself, she tried this solution method with different
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rational numbers and found the same result. After that, she changed her idea and
accepted the student’s solution. T2 and T5 also tried the solution themselves,
confirmed the result, and accepted it. T5 explained her reason that

Because we say that multiplication has a distribution property on addition-
subtraction. Division is the opposite of multiplication already. You know,
there is only one operation, multiplication. You know, we don't do anything
like division (T5_VQ8).

T2 indicated that students used this method with distributive property, and said that

“If the solution is correct, then the student doesn't have to use my method ” (75 VQ8).

All participants accepted different solutions in their lessons as revealed in the
observations. They generally showed all possible solutions on the board and
explained to their students. To give an example, for T1’s students, if they made
different solution during the lesson either correct or not, they presented on the board
and T1 gave feedback to them. On the other hand, the responses from question 8 of
vignette indicated that participants did not notice the right distributive property of
division except for T6. This might mean that (a) teachers were not familiar with the
case of division in distribution property or (b) they did not develop an in-depth
perspective about this property, ignored the meaning of division, and focused on the
correctness of this case but not the case itself.

Choosing assessment formats aspect of the framework showed that all teachers
tended to use different types of questions together in their assessments. They
expressed that they mostly used open-ended questions in their exams, but it was not
monotype questions. Different types of questions were also asked by teachers, such
as true-false, fill in the blanks, word problems, short answers, matching, ordering and
combined operations in rational numbers, and multiple-choice questions. T1 did not
use the multiple-choice questions because

I think the test does not measure knowledge in the school exam. I mean, the
student who does it does it, the student who does not do it does by guessing
[because it is a multiple-choice] test. It doesn't really measure students’
knowledge (T1_12).
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In order to eliminate guessing, T6 accepted multiple-choice responses as true, if
students wrote the solutions, making them almost open-ended questions. To
determine and make assessment whether students understood rational numbers or not
during the lesson, the teachers asked questions from simple to complex regarding
present and previous lessons, and made verbal assessments. T6 also stated that he
checked the homework. Teachers’ expressions were in line with the observation notes
and their exams. T2 stated that she used pop quizzes to assess students in her lessons.

Only T5 claimed that she also considered assessments from the other courses:

For example, a student learns something in math, which is also in science
lesson. He/she needs to use it. | mean, the topic is ratio and proportion, here
we do cross product or something. For instance, length measures, units are
converted to each other, cm, mm and so on. Actually, when the student meets
these in different lessons, if he/she can do it, at least if he/she can relate, then
we understand that the student have comprehended. Here we get feedback
from the other teachers. (T5_I2)
Teachers in this study chose and used different assessment formats for the following
reasons: (i) to eliminate the guessing in multiple-choice questions, (ii) to increase the
ratio of right answers in the examinations, and (iii) to ask more questions in limited
time because examinations took one lesson hour. When their examinations and
questions were observed, it was seen that although participants used different types
of questions, word problems were less than other ones. They mostly tended to ask

basic and mixed operations in rational numbers similar to drill and practice exercises.

4.1.3 Enacting Mathematics for Teaching and Learning (interactive) in TEDS-
M

Explaining or representing mathematical concepts or procedures aspect of the
TEDS-M framework, how participants taught rational numbers in their lessons were
investigated through the observations. T1 tried to use discussion method and
concretization in her teaching. She also lectured both the 6" and 7™ grade classes. To

give an example for the 6™ grade:

T1: What comes to [your] mind when [I]say fractions?
Student (S): Half of a square's boxes are colored, 2 of 5 squares are colored,
3 are not colored.
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Students (S): The ratio comes [to my mind].

S: Numerator, denominator, and fraction line come [to my mind].

S: A whole is broken down to pieces comes [to my mind].

T1: What do numerator and denominator mean?

S: The numerator is my share, and the denominator is the total, everything.
T1: What are fractions as your friends say; [they] are representations that
express the parts of a whole. How should those parts be?

S: They should be the same size.

S: [The whole] should be divided equally.

T1: It is a representation showing the equal parts of a whole.

After starting the fractions, she drew the pizzas on the board. The first pizza had equal
pieces, but pieces in second pizza was not equal (see Figure 11). Students objected to

second pizza and the following dialog took place:

First pizza Second pizza

Figure 11. T1’s representative drawings

S: That [does not show fraction], teacher.

T1: Why [not]?

S: Because you said that all slices would be equal.
S: The shapes are not the same.

: o 1
T1: Why can't I show it? I also divided it into 8 parts, why can't | say 3 ?

S: Because it is not divided equally.

T1: What happens when it's divided equally, what happens when it's not
divided [equally]?

S: Then, we cannot divide.

T1: But I just divided it.

S: (By showing different parts) He said that if different people took [different
slices], one would be full and the other would not be full.

T1: In order for parts of a whole to mean something, the parts must be equal

(by showing the first pizza). When | say % , o matter which part you take,
you get the same part. (By showing the second pizza) As you say, when | say
% , Not every part means the same thing. Therefore, the parts should be equal
when showing the fraction.
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Another example was seen at the beginning of comparing fractions content:

T1: What can we do when comparing fractions?

S: We can show it on the number line.

S: We equalize the denominators.

T1: Why do we equalize the denominators? Can't we just equalize the
numerators?

Class (C): (Students did not respond with an exact answer). No /we can’t]. It
should be equal whole.

T1: Why equal whole?

Class (C):... (No answer)

Ti: (Draw on board). — — =T Which one do these
represent? RS

C: Both of them are %

T1: Are they equal?

C: No, one of them is big, one is small.

T1: Then, it must be the same whole to compare the two fractions. There are
two breads in the market. One is a big normal bread, the other one is a
sandwich bread. You eat half of it. Which one of you eat more? You don 't eat
equal because they are not the same whole, arethey?

C: We got it.

There were some differences between her 6" grade and 7*" grade teaching. First of
all, she stated that she used discussion method more effectively in the 7" grade
because there was more participation to the lesson and 7" grade students’ level,
interest, and preparedness were more than 6" grade students. When she asked
something about the rational numbers to the 7" grade students, she received more
correct responses than what she received from the 6™ grade students. The following

passage is an excerpt from the 71" grade class.

T1: Consider natural numbers. What were the properties of the addition
operations in natural numbers?
C: Commutative property or interchange.
T1: What was that about?
C: Although the numbers change places, the result remains the same.
T1: The same property applies to rational numbers. Changing the places of
numbers does not change the result in the addition operation.
S: Is there no expansion?
T1: It is not considered a property because you do not change the number
when you expand it.
T1: What else were there in the natural numbers?
S: Distributive property.
T1: What do you mean? What is the explanation?
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S: We distributed what was outside the parenthesis into the parenthesis.

T1: There was a distributive property of multiplication on addition. There was

a number in front of the parenthesis and two numbers inside in the case of

addition.

T1: What was the identity element of the addition operation?

C: Itwas 0.
Sometimes, if students did not give answers, she explained it. For example, in
addition and subtractioncontent in the 6™ grade class, she struggled to use discussion
method because class level was lower than 7™ grade and students did not give

response her questions:

T1: What are you saying?

C: Denominators are equalized, operations are made...

T1: Why are they equalized?

S: The denominator should be a single number, it should be the same.

T1: Why should it be the same? (When she could not get the full answer, she

explained it herself). Since it should be in the same whole, and it is shown on

a single whole.
After starting the new subject with using discussion, she generally gave some time
for the students to take notes at the end of the discussion. These notes could be
definitions or explanations. After this, she wrote the examples to facilitate students’

understanding of the subjects.

T2 wanted to use discussion method, and started with questions and drew models of
fractions. If one of the students responded her questions, she moved on the lesson. T2
was the teacher who used drawings, models, real life examples, and concrete
materails in lessons the most among the other teachers in this study. T2 made two
different activities to help the students’ understanding. She employed peer teaching
and group teaching method in her lesson. In one of T2’s lesson, students who solved
questions were directed to other students who could not solve them in order to help
with the unsolved questions. In group teaching method, she gave two fraction cards
to every desk with two students in each. T2 asked each group to give an example of
the multiplication of fractions and show how they multiplied them. In order to find
the example, students worked together in their groups.

71



T3 described herself as a teacher who used technology in her teaching. However, she
only turned on additional electronic sources on the smart board and taught rational
numbers with direct instruction method. Almost all examples she solved on the
blackboard were taken from the electronic resources. Moreover, she used metaphors
to teach rational numbers such as set of rational numbers as can be seen in Figure 12.

T3’s set of rational numbers drawings below.

Q
Neighborhood District City
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Living Space

Figure 12. T3’s set of rational numbers drawings

Her representation of division is in Figure 13.
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Figure 13. Division rule in rational numbers
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T3 generally wrote rules and explanations, or made verbal explanations, then wrote
on the board or showed examples. If there were models or number lines in the
examples of smart notebook, T3 used them in the class in topics, such as addition and

subtraction in rational numbers, as seen in Figure 14.

Figure 14. Examples of addition and subtraction

T4, T5, and T6 also used direct instruction method and made verbal explanations.
They asked questions to students about the content, and if at least one student
responded to the questions correctly, then the teachers continued the lessons. Another
common point was that these teachers gave rules and explanations. T4 also illustrated
the rational numbers and operations with models and the number line more than T5
and T6 did. She did not pass directly when one of the students had understood the
model. She gave more time to the students for understanding more than the other
teachers. Moreover, when T4 drew a model, her students applied it on the new
questions faster probably because T4’s questions and expressions were clearer than
T3, T5and T6.

In the interview, T1, T2, and T3 expressed that they wanted to use concrete materials,
whereas T5 and T6 underlined the real-life examples when they introduced the
fractions. However, in their lessons, only T1 and T2 did what they described and used

concrete materials.

Generating fruitful questions aspect, the examples about rational numbers, which
were given by participants were examined. Most of the questions that teachers asked
were drill and practice of operations or showing rational numbers (see Figure 15).

They used word problems as much as it appeared in the curriculum.
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Figure 15. Examples of sample questions from rational numbers context

In order to make concretization, T1, T2, T3, and T4 first presented models, and then

asked fractions or vice versa, as seen in the examples in Figure 16.
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Figure 16. Fraction models of participants
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T1 and T2 used models more than other teachers when they taught the subject and
made an explanation. For instance, as can be seen in Figure 17, T1 and T2 taught the
equivalent fractions with models and asked the fraction in each model to the students.

Figure 17. Equivalent fractions’ model
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Then, they defined the equivalent fractions. T1, T3, and T5 used number lines in

examples (see Figure 18). T1 was the teacher who used the number line the most.
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Figure 18. Number lines in examples

For the word problems, participants followed the curriculum and asked problems
from the textbook or the supplementary resources. Sample problems were given in
Table 7.

Table 7.

Word Problems Asked in the Lessons

Participants Problems

A water tank is filled by a 7 % liter bucket by carrying water 16

times to be fully filled. After the tank was filled, % of the water in

the tank was used. According to this, how much water is left in
this tank?

T1

2 : : 1 .
< of the apples in a basket is red, 3 of the red apples is rotten.
T2 According to this, what fraction of apples in the basket are rotten

and red?
Half of a milk can is filled with milk. When 9 It of milk is added
) 4 . . ) .
T4 to this can, < of the can is full, so how many liters is the entire
can?
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Additionally, T6 mostly asked the problems in the textbook. One of the common
points of participants’ questions or problems was that they asked from easy to
difficult and mostly drill and practice questions. Teachers seemed to consider

students’ level when they generated questions.

Analyzing or evaluating students’ mathematical solutions or arguments, in order to
analyze this aspect, many questions from participants’ lessons were observed. T1, T2,
and T4 followed the following path in their lessons while solving questions: First,
they wrote questions and gave some time for solving it. Then, they gathered most of
the students’ responses. Only T1 asked why questions. T2 asked questions to
students, but she pointed the solution way with her follow-up questions. If students
told the right answer, then these teachers selected one of the volunteer students to
solve the example on the board. Then, they explained the solution for the students
who did not understand; or if there was a different solution, then they solved the
example in that way. If students could not explain why questions correctly, then T1
explained it and one of the students solved on the board at the same time. The

following scripts form T1’s lesson in a 7" grade classroom illustrated this process:

_ > 4 548 _ 13
S: A= 6 + 3 _T _?
o @
B:(—E)+ 5 _-45+10 _ 35
2 9 18 18
€) (2)
_1B8 35 39435 _ 74
AtB= T~ 18 18
3 @

T1: What do you think?

C: We found different results.

C: It's very complicated.

T1: (The student who solved it) There is no problem in the beginning, check

it again.
C: Biswrong.
S: (The student realized his mistake, solved it again).
B=(—E) + 2 _-45+10 _ 35
2 J 18 18
€)) ()
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A+B:—+( 35)=39_35=4
18 18 18

3) ®
C: Teacher, we don't understand.
T1: (She explained the solution step by step). In the addition operation, the
whole of one [addend) is 6 parts and the other one [addend] is 18 parts, so
we need to make [denominators] equal.

. . X2
T1: We also simplfy the result Ay

Another example from the 6™ grade class is as follows:

41343
S 13:27153
T1: (To the student and the class) Is it correct?
C: Yes
4 4 3_12 . . .
T1: 1— - = b= §=1 There's one out of here. Then, if | don't

3
process the whole part, it's like I've multiply two simple fractions. Pay
attention to it.

(After this example, students were careful when they made multiplication of
improper fractions.)

113363
S:15-35=65

. . 15 18
C: No. You did wrong. It is ~ T

On the other hand, if a student thought or found a solution or arguments that no one

thought of, she rewarded this student and assigned a plus point as seen here:

2 1. .
T1: Can we compare 3 and 2 differently? What comes to your mind? (Except

for the number line).

S: Can't we just equalize their numerators?
2 2

] H 2 1 —
T1: Let's try. (She expanded it) 3'5%353
S: We divide a pizza into 3 parts, we take 2 pieces. We divide the other one
into 4 pieces. We take 2 pieces, but we get less. Although we take two pieces,
we get less from one of them.
T1:(She gave + to the student and explained it by
drawing it herself). There are two chocolates, we eat
two pieces in both, but we eat more from one of them.
What happens when the numerators are made equal?
C: The [part with the] smaller denominator gets bigger.
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28 20 . .
T2 asked = =? in the 6" grade lesson and gave some time to the students to

understand. Then,

T2: How do we do this?

C: We will multiply. Then we will simplify.

T2: So, what if we simplify it without multiplying?
C: Ok.

T2: How do we simplify without multiplying? Normally, the numerator and
the denominator simplify together. Here, the numerator and denominator are
simplified, both the top and diagonals. Yet, it does not simplify side by side.
Then, what does 28 simplify with?

S1: With 20.

T2: But they are side by side.

S1: With 21.

T2: By which number does it simplify?
C: With 7.

T2: Is there any other?

Sa: Let's simplify 20 and 15.

S3: (The teacher guided, the student did it on the .
board.)

C: Well, if we do it without simplification and then simplify it, will we find the
same result?
T2: Yes, but we simplify it first in order not to deal with large numbers.

After teaching the subject or solving examples or drawing something on the board,
T1, T2 and T4 gave some time to the students to write. When they finished their

explanations, they always asked if there was anything unclear or not understood.

T6, T5 and T3 followed this path when they solved examples in their classes: first
they wrote examples on the blackboard or for T3, she mostly showed examples on
smartboard, and gave some time for solving. If one student answered correctly, then
the teachers selected him/her to solve the example on the board. Then, they explained

the solution for students who did not understand or could not solve it. For example,
5 15 -
T3 asked AT o then asked another question; 30 : o = 5, what divides 30 and

it becomes 5?

S: 6.
T3: You get 30:5=6, right? (Made students write a note) If the dividend is
given in the division, we can divide the quotient in order to find the divisor. If
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there is no dividend, the divisor and the quotient are multiplied. Then, what
do we do to find a?

S: We equalize the denominators.

T3: Remember the note 1 made you write. Which one is dividend, which one
is divisor?

S: ... (There was no response from the students)

T3: (She waited for a while, and when no student could

: : 5 15
solve it, she solved it herself) ety When we reverse,
multiply and then simplify, we get

If there was a different solution, then T3, T5 and T6 gave the opportunity to the
students to show their solutions. They mostly selected the same students in the class
because generally these students volunteered and raised hands to solve examples. T6
mostly selected students who sat at the front seats in the class. T6 also used leading
questions when he explained the solutions.

In solving examples or explaining the subject on the board, T3, T5 and T6 gave some
time to the students to write. When they finished their explanations, they always made
a connection between the solution and the rules, and reminded these rules.

In the word problems and problem solving process, T1 explained to students that first
they should understand the problem and write the given information in the problem.
He expressed that when they wrote the given information of the problem, they solved
the half of it. After dictating the problem, T1 generally wrote the given information
on the blackboard or let students re-explain the problem. She continued the solution
with the volunteer student in a question-and-answer context, in line with her
discussion method. However, in the problem solving part, almost none of the students
participated in the discussion. At the end, she explained it to all students. If there were
different solutions or approaches about the problem, then she mentioned them later

on. If no one solved the problem, then T1 explained it by asking questions to the

. . 2
students. To give an example, in the 6™ grade class T1 asked, “A runner ran first P

and then % of the path he planned to run. Now that there's 400 m of road left, how

many meters did he run in the first place?” Then, the following interaction took place:
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T1: Do you understand the question?
C: Yes.
T1:. Somebody explain it.

2 1
Si: A runner ran P and then 3 of the path.

1 )
T1: Does 3 refer to the rest of it?

S1: Hayrwr. No.
T1: Where's the first part?

Students struggled with the problem, and showed their solution to T1. She gave
feedback as correct-wrong or yes-no. Students could not solve it correctly. Then, she

exphained more.

T1: You know the whole distance he runs. The rest is obvious. You can find it
accordingly.

T1: When the students could not solve it, the teacher explained). What should
we do when it is the same whole?

S2: We make addition.

T1: We should add to find the total path he travels on the same road.

2 + 1 _ 6 5 _ 11

5 3 ~ sT1s ~ s isthetotal path he goes. The remaining path
3 6

.15 11 4 .

IS — — — = — After that she drew a figure.

15 15 15

el o g B nr el ot e
oo u="1g (U hn

How many pieces did he go to in the first place?
C: 6.
T1: Then, 6.100 = 600 m.

In the problem solving process, T2 and T4 first asked the problem and wrote it on the
board. Then, they gave some time to the students for thinking and solving it. Students,
who solved the problem, showed their solution to T2 and T4 individually. If it was
correct, then the teachers approved. If it was false, then they said no. In order to check
the students’ solution, T2 walked around the students’ desks. Next, they selected one
of the students who solved the problem to show the solution on the board. At the end,
they explained it to the other students. If there was a modeling approach in the
problem, they showed this later on. If no one solved the problem, they explained it or

directed students to solve it by asking questions. Sometimes, T2 changed the rational
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numbers with the whole numbers in the problem to simplify it. Thus, students were
able to understand how to solve it this way. However, T2 and T4 did not mention,
teach or apply steps of the problem solving process.

T2 asked word problems in the lessons the most among the participants. She also

used word problems that were not illustrated in the 6™ grade curriculum. For example,
3 . - .5 .
T2 asked, “Mr. Yilmaz, whose " of salary is 1200TL, pays his bills with 3 of his

salary. Accordingly, how many TL has Mr. Yilmaz paid for the bills?” and the

following took place:

T2: (He checked the desks one by one for students who had solved
it. He first explained the problem to the students on the board.) Do
we know his entire salary?

C: No.

T2: What do we know?

3 .
C: = [ofif]

T2: Then if we want to find his salary, 3 pieces are 1200, what about 4 pieces?
C: One piece is 400, and 1600 TL is entire salary.
T2: (She showed it with a model on the board with the guidance of the
students.) _

1200 : 3 =400 TL, one piece g A

400 . 4 = 1600 TL entire salary ViriV S oA won
T2: How much did he pay for the bills? {@i jiLZ r j

C:E
8

- 5
S:(One of the students did it on the board). Then, 16067, 3= 1000 TL to

bills.

T2: How much money does he have left?
C: 600 TL

T2: Do you understand?

C: Yes.

T3 expressed to the students that they should be careful in executing the steps of the
problem solving process and make the correct decisions about which steps should be

: 1 1
done. Then, she mentioned the terms that whole as 1, half as > quarter as "

However, she did not mention what these steps were or applied them in problem
solving. T3 and T5 first asked the problem and gave some time to students for
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thinking and solving it. In T3’s and T5’s classes, most of the students could not solve
it correctly, so they showed the solution step by step or gave a necessary rule for the
solution. If there were different solutions or approaches about the problem such as
modelling, then they mentioned them later on. Unlike others, T6 mentioned and
taught the steps of problem solving process in his lessons. Then, he explained the
rationale of the solved sample problems in the textbook. He showed problems in
smart board as T3 did, but if one student answered correctly, T6 selected him/her to
solve the example on the board. Then, he explained the solution for students who did
not understand. If there were different solutions, he also gave the opportunity to the
students who produced them to show. Athough T6 explained the steps of problem
solving process at the beginning of the lesson, he did not apply the process in his

lesson.

Diagnosing typical students’ responses including misconceptions aspect,
participants’ acts, feedbacks and reponses to the students’ questions in their lessons
were examined. T1 and T2 sometimes asked questions to determine the students’

misconceptions:

5 .
T1: s 5 a rational number?

C: Itis not.

T1: Why not?

S: Denominator is zero.

T1: Why can't the denominator be zero?

T1: (When there was no response from the students, she explained herself.)
The equal parts of a whole are fractions, but 0 also does not have a whole.

In T2’s class during the addition-subtraction of improper fraction content;

T2: If there are mixed fractions, how do we do it?
S1: We turn it into an improper fraction.
S2: We make operation of integers separately.
1 .3
T2:1-+2-="7
5 °5
4
C: 3=
5

T2: 21 1329
5 5
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C:(They could not do the subtraction).
T2: Then converting to the improper fraction is the most guaranteed way.
T1 mostly explained the concepts to prevent misconception, however after

explanation, she did not give any other examples. For instance, T1 asked that

T1: What is the sum of % and %of 14007

S: (One of the students solved it on the board).

. 280
', 200

480

1400 - § =280 . 1400 % = 200

T1: What do you think?
C: Itis correct.

T1: (When the students did not notice, the teacher explained). For example,

in 1400 : % we invert and multiply, so it is 1400 . % = @ = 9800. You

make this mistake a lot. Thus, you can't make sense of the fractions of
fractions. The right answer is like this:

1400.% = @ =200 or 1400 : 7 = 200.

: 1 . : .
T1: What you write means how many - there are in 1400. Notice that this is
a significant mistake.

In general, participants could not always make an inference about the students’
misconceptions based on their responses when they first saw these responses. In
general, they corrected students’ false responses. If false responses were queried by
teachers, then they were able to understand the reasons of students’ mistakes. Indeed,
when possible false responses were asked in vignette questions, participants gave
correct responses about students' misconceptions. According to observations, T1
asked questions and queried the most in her teaching as she employed discussion
most of the time. Hence, she was aware of her students’ misconception more than
others. T2 and T4 also understood most of their students’ misconception from their
questions and responses. T2 and T4 tried to cope with these misconceptions by
explaining one more time. In T5’s class, students’ level was very low; therefore, she
had difficulty to teach rational numbers properly. T3 and T6 could not infer the reason

of students’ misconceptions from their responses. For example;
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11 11
TBizr=—--= =7?
3 4 2 3

o1
S1: We can simplify 3

T3: No. You cannot simplify 3 in this operation. Side-by-side rational

numbers cannot be simplified, there is subtraction in between.
S2: | multiply by equalizing the numerators.

1 1 .
T3: L Why do you equalize the numerators? The numerators are not

equalized in the multiplication operation. You make the operation difficult.
(Then she continued with the solution).

Sz: Equalise at 24.
T3: Why, isn’t 12 a multiple of 67 (Then she completed the operation by
equalizing at 12.)

T6 sometimes misdirected students which could cause the misconceptions. To give

34
105

Then, T6 reacted that “This notation is in fractions. We will not use this notation in

an example, a student wrote 2 on the blackboard in response to the question.

rational numbers (By showing the mixed fraction). Either we write directly, or we

convert it into decimal notation and write it down. You should not use this.”

Providing appropriate feedback aspect, all participants mostly explained the content,
question or solution again, if students could not understand or solve it. Participants’
actions were parallel with their responses in interviews. T1, T2 and T4 changed the
example, question, teaching method or material, if students still did not to understand

it even after the re-explanation. To illustrate;

T4: |:I+(—1) = (—3) ZoA==2 O+A=2

4 5 5 3

T4: (She gave the students time to figure it out. When there was no answer,
she explained). The dividend in the square is unknown. The divisor in the
triangle is unknown. (She gave a simple example.) 10 + 2 =5. What would
you do if 10 were not known? Inverse operation. What would you do if 2
were not known? You'd divide 10 by 5. It's the same here.
Two of the students, who solved it, solved it on the board. T4 explained
the solution. She explained to the student, who said he/she did not
understand, one more time.

T4: If the divisor is unknown, divide the dividend into the quotient. If you don't
remember it, make a simple operation like 10 + 2 =5 and look.
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To exemplify the case in T2’s class;

1 3
T2: A person bought potatoes for 3 2 TL, tomatoes for 4 S TL from the market

and gave 9 TL. How much change should he get back?

T2: (She read the question to the student). Shouldn't we find out how much
they cost first?

C: Yes.

T2: What is the solution way?

C: [They] will be added and subtracted from 9 TL.

S1:72 5 10
(x5) (x2)

(One of the students solved it on the board.)

T2: There is a problem with 7 % and %. What should it be?

1 1
C: That is 1 —. Then, they cost 8 —.
10 10

T2: (She solved on the board with the students) % —8 L0 _8_2

_ 10 10 10 10
TL is the change
1

S2: If we subtract 8 T from 9 wholes and subtract 8 from 9, wouldn't the result

1
bel—?

10

o1

T2: There is m Don’t you subtract it, t00?

S2: I don’t understand.

T2: (Draw a model). How _]%

P :
many wholes are there
here?

C: 8.
T2: We are subtracting 8 of them first. After subtracting 8 wholes, shouldn't

1 -
you need to subtract e from the remaining one whole?

C: Yes.

f What's left? %. (After the model, the student understood it).

T2:

Besides, sometimes the student who solved the example, explained the solution to

other students in the class. To give an example in T1’s class;
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Ul |wl

Si: These two operations are the same.

vl W o
I

C: Yes, the same, the result is zero.

o .3 . 4
Sz2: No, it divides 4 into < at first. In the other, divides 3 into 5.

T1: Pay attention to the division, fraction lines. At first, look for S inside 4. In

.4 : :
the other, look for5 inside 3 Pay attention to the large one on the fraction
lines.

In T1’s, T2’s, and T4’s classes, most of the students showed their responses to the
teachers individually, or in order to give feedback, these participants walked around
the desks when students engaged in the questions, problems, or activity. T3, T5, and
T6 insisted on explaining the same solution or the same content in the same way.
Because of students’ low level, T5 mostly solved questions and problems with the
students together. Sometimes, T6 responded to his students in rather a discouraging

way when he gave feedback. For instance;

Si: I don't understand multi-step operations.

T6: What are multi-step operations?

Si: ...(There is no answer)

T6:. You don't know what you don't understand.

S2: Don't we start at the bottom?

T6: No. You start at the shortest fraction line.
T1 and T2 rewarded students who responded correctly to the questions. For example,
T1 made an examination of the 6" grade contents to the 7" grade students in order to
evaluate their readiness. She gave a book to the successful students in this
examination as a reward. Besides, if a student gave a correct and unigque answer, then

T1 and T2 gave a plus mark to that student as a reward.

Analyzing the content of students’ questions, when we consider that aspect, it seemed
that participants’ actions were parallel with the teaching methods and feedback types.

T1 generally asked the student’s questions to the other students:

Si: If we change the numerator and denominator in fractions, will the result
change?
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T1: Your friend asked a question. Do you think it will change? What do you
think?
C: 1t will change.
T1: Why?

. : 6 .. . 5
S2: (Writing on the board) For example, if we change Py it is P Improper
fraction, if we change it, took 5 out of 6 pieces, but the other fraction is one
whole g The fraction is completely changing.

T1: Yes. (Draw the model).

or students queried themselves;

T2z (145) =2

C: Can we multiply the mixed number without inverting it?

T1: (She had students try solving on the board and in the classroom. Students
found different results.) Why did this happen? (When there was no answer,
she reminded the model she had shown before.)

"~ Thenitshould be (2+1) . (-1+i).
% = 5 11

2l 8

T1: From here, the distributive property should be used and done. This would
have lenghtened the work. Converting mixed fractions to improper fractions
makes it easier to do an operation.

T2, T3, T4, T5, and T6 generally explained the content themselves. In their
explanation, mostly rules were used or teachers reminded the past contents. T3, T5
and T6 suggested students to memorize necessary rules. However, participants
mostly did not evaluate students’ questions in terms of their understanding. They only
focused on the explaining or responding to the students’ question. They ignored the

possible reasons for students’ questions. To exemplify,

S: (Describing the addition operation in rational numbers) Why do we
equalize the denominator and the other denominator?
T2: We can't add two different parts, they have to be equivalent.
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In T3’s class:
S: (Describing the addition operation in rational numbers) Are we adding the
denominators?
T3: We write the denominator common. We add the numerators.
Responding to unexpected mathematical issues, in this aspect, it appeared that the
teachers answered students’ unexpected questions mostly by focusing on results, not
on the reasons and how questions, and their explanations were based on rules. T1
tried to explain almost all students’ questions about mathematical issues

meaningfully. For example, in T1’s class;

S: (Describing the properties of addition in rational numbers) Doesn’t the
expansion also count as a property?

T1: It is not considered a property because you do not change the number
when you expand it.

Students responded before T1 to their friend’s comments or answers:

T1: Why do we equalize the denominator when doing subtraction?
C: To make an operation in the same whole.

S1: We subtract it even though the numerator is equal.

S2: No, the numerator represents the taken parts, not the whole.

or T1 asked to the other students;

. 4 )
S1: What is " on the number line?

T1: (She asked to the class) What do you think?
S2: We show it at one on the number line.
T1: Why?

4
S2: Because, " =1

T2 also tried to explain most of the unexpected issues and responded students’
questions. Students sometimes did not understand her explanations. For instance,
when T2 used fraction cards in order to multiply the fractions, she gave an example
by using blue and pink colored cards. T2 superposed them and showed the purple
color pieces which consisted of the result of the example. Then, students asked about

the superposition of fraction cards:

S1: What if we put the blue on top?
T2: Ok. Let's do it. (She put the blue card on top, and the result was the same.)
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S2: Why don't we count pinks or blues?
T2: We take the places where it overlaps in two fractions, the common places,
because it is multiplication.
S3: What if we put them both on top of each other the same way?
T2: (She put the two cards on top of each other as rows and columns, and
showed them). As you can see, the whole is not divided into equal parts in this
case. If we put one row and one column to form a column (overlapped) in
order to divide the whole into equal parts. As you can see, it is divided into
equal parts.
Students understood the multiplication with fraction cards after this explanation.
Then, T2 distrubuted two fraction cards to each desk and wanted students to illustrate

the multiplication by these cards.

However, all participants gave a rule regarding how to made division operation in
rational numbers and they did not explain the reason of multiplying the reciprocal of
the second number. Almost all students accepted the rule except for one student in

T2’s class:

S1: Why do we convert and multiply?

T2: Because, it is rule.
After the lesson, | asked this situation to T2. She responded that she would explain to
him later especially because if she stated the rationale of the rule, other students could
be confused. They could not know reverse with respect to multiplication. She
expressed that she did not know what they learned previously. She said she would

make a statement to the specific student in the following way;

1 1 5 15
.3.4,_.3.2_32_15
T2231=7"5778733
5 5 2 B 2

T3 and T6 could not understand students’ unexpected questions, therefore, they could
not react properly. Sometimes they ignored the questions or gave deficient
explanations, and other times their responses were related to the idle question. To
illustrate for T3;

T3: (When teaching the division operation in rational numbers) Keep the first
rational number the same, we write the reciprocal of the second rational
number and multiply it.
S: What is the reciprocal of it?
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T3: Change the numerator s and denominator’s place.

In T6’s lesson, when he taught rational numbers, he said that:

T6: There is no such thing as subtraction, actually it is addition.
Si: Then, why are we learning the subtraction?
S2: Because we didn't learn the negatives in elementary school.
T6: Yes, it is true.
When T6 was was teaching how to compare rational numbers and divide into negative

and positive rational numbers, one of the students asked:

S: Why does the rational number get smaller when denominator is larger?
T6: The number actually gets bigger and smaller as it gets closer to 0" from
number line. For example, when you're underwater, the closer you get to the
top, the higher it gets.

T4 also joined T3 and T6 in terms of her responses which were related to idle

question. For instance, when T4 taught repeating decimals in her class, she said that

T4: The curriculum has changed, but you cannot see this topic in 8th grade.

Normally, [it is] not in the curriculum.

S: If it's [additional conent], why are we learning it?

T4: Because, if it will come back again, then you [would be in a position that

you did] not learn it. Eventually you will learn. That is why | am teaching.
T4 asked a problem to class, then one volunteer student solved on blackboard, but it
was incorrect. T4 could not notice at first. When she explained the solution with
models, she noticed that the student’s solution was wrong. After that, she checked
again and stated that the student made a mistake. Then, she illustrated the correct
solution with a model. On the other hand, in T5’s class, students did not ask
unexpected questions or there was not any unexpected event. Mostly, they claimed
that they did not understand the content, questions, or solution. After that, T5

explained one more time.

4.2 The Nature of Middle School Mathematics Teachers’ Beliefs Regarding
Rational Numbers

In this part, the findings from interviews are presented. Participants’ ideas about

themselves (in relation to teaching mathematics), teaching, mathematics, classroom,
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and students. Their ideas were given seperately first, to provide in-depth information

about their beliefs an inform the case, then a summary of their beliefs was given.

4.2.1 T1’s Beliefs about Teaching Mathematics

T1 described herself as a disciplined teacher: “I am a disciplined teacher. I don't like
much movement in the classroom. I try to silence the students too much. | mean, I
don't like voice in the classroom” (T1 11). T1 said that she felt happy when she was
teaching, learning, and engaging in mathematics. For T1, an effective teacher should
know the classroom management very well. Her claims could be seen in her teaching.
T1 generally acted authoritatively during the lesson. She never started the lesson
unless the students were silent. She also did not allow students disturb the lesson and
intervened with students. In fact, when two 7" grade students damaged the top of
their desks during a lesson, T1 saw it and got angry. She did not continue the lesson
but gave advice to the whole class.

When T1 defined effective teacher’s knowledge and skills, she expressed that
effective teachers should know mathematics but not memorize, know its real life use,
transfer this to the students, establish effective classroom management, know the
readiness level of students very well, and reach the student level. However, she did

not mention PCK dimensions directly.

According to T1, effective mathematics teaching ensured that students “learn to
think. A student learns to think analytically. He/she learns to solve problems. In fact,
he/she learns to solve problems in his normal daily life” (T1_11). Her purpose in

teaching mathematics was as follows:

...my goal is to give students a perspective. | mean ... mathematics is not just
as a lesson, but how can | say it ... as a qualification, | teach them to make
them being equipped with [mathematics] ... they can absorb it so that their
mathematics knowledge will be useful in their lives in a way that works [for
them] in the future. (T1_11)

However, she expressed that not every student could learn mathematics very well

because they were not willing to learn. She also blamed herself for acting impatient
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and keeping up the subjects for the national examination. Because in her opinion,

everybody could learn mathematics at a specific level.

T1 divided her teaching experience as before the graduate study and after the graduate
study. She stated that before doing a master’s degree, she used direct instruction
method because she learned this by heart when she was educated. However, after the
Master’s degree, she started to use discussion method, as illustrated previously.
According to her, the graduate study created awareness and contributed to her

teaching in a considerable extent. T1 also gave an example:

... | conducted the study of whole numbers not last year, but the year before
that, in my class, and I've learned most of the things about the whole numbers
there by myself, notice that how many years.. | was in my 8th year as a teacher.
| learned most of the things by memorizing and | understood that | was
teaching them by memorizing. /...] the study was about profit and loss.
(T1.12)
She thought that using technology in mathematics teaching especially in geometry
was very effective because students could configure the shapes in their minds.
Besides, in her idea, she wanted to teach geometry in laboratory where she wished
her students work alone. Since | conducted observations in the rational numbers and
fractions concepts, | did not observe that she used technology to teach mathematics.
She rather used technology for supplementary resources. T1 stated that she gave up
using concrete teaching materials and group work because the classes were crowded

and it could not be handled.

T1 expressed that whole numbers, rational numbers and fractions were the most
important, fundamental or central topics in the middle school mathematics
curriculum, because “From now on, everything that's coming is built on all these
things. Equations, systems, or university, everything including education depends on
them” (T1 _11). She believed that problem solving skills and four operations skills
were the most important, fundamental or central skills in the curriculum because
“And most of what they have earned here is the basis for future because the
curriculum is structured that way. If students can't gain those skills, because I've seen

the effect of it, a gap in one year reflects a lot on the other year ” (T'1_11). She defined
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‘mathematical problem’ as an obscurity to be solved. To lay emphasis on the
importance of problem solving, she said: “I think problem solving is fundamental in
mathematics... includes thinking skills to solve problems... you know, it involves
analytical thinking, thinking from different directions, and using the operations at the
same time” (T1 I1). She believed that problem solving brought students multi-

dimensional thinking.

Despite the emphasis she expressed, T1 did not spare specific time for problem
solving activities, more than it was suggested in the curriculum. Her approach in these

activities was:

| write the question ... | give 5 minutes to work in pairs, the friend next to
them, depending on the length of the question. Then ... again, according to the
[level] of the class and the problem, I gather their ideas first. Here's what you
found, why did you follow such a method... | make them explain. If there are
students who follow more than one method, we write their methods on the
board. They discuss whether it is right or wrong, who thinks what. Then, at
the end, I gather all. (T1_11)

T1 expressed that when there are different solutions than her solutions, she showed

every different solution to students. She stated that she could not understand whether

the students understood the problem or not at that time. Therefore, she would ask

another problem:

If students can solve problems that can be solved in one way or another, or in
different ways, then it means they have understood. Yet, this is not in the sense
that they will use the same route. If they can apply it to different things and to
a different problem using the information there, then they have understood.
(T1_11)
T1 stated that her students liked problem solving and understood rational numbers
better. This is because “...you know, because the problems are constructed in the
context of everyday life, you know, students make more connections, maybe that is
what they like...” (T1 _12). Whereas, according to her, students had difficulty to
understand exponential numbers. However, she did not understand why they had
difficulty about it. Even though she started giving exponential numbers examples
with 3 or 4 so as to avoid any misunderstanding, such as numbers are multiplied by

exponents, she could not understand why exponential numbers would be
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misunderstood. Moreover, she could not find or define common points among the
topics that students understood or did not understand. Problem solving was also a
procedure that she could understand whether students had learned a concept or a
topic: “In class... for example, if helshe can use this concept when we create a
classroom discussion or if he/she can use it correctly while explaining the problem
solution, then she/he has learned” (T1_12).

She stated that when the class level was different, she taught mathematics based on

this specific level:

... S0 the level can be low. In a situation like that, no matter how much you
talk, no matter how much you try, the student doesn't get it because she/he
doesn 't have a background... Then, you have to keep both your teaching level
and the standard low. I mean, as much as possible... after using concrete
materials, such as here we have started the fractions. With very simple
examples, you know, with enough things for them ... I can leave it and leave
it without going into more detail, without making the question level difficult.
(T1_11)

T1 defined the ideal class as “It's a class that can discuss. | mean, the class that's

willing to learn” (T1_12). In the meantime, she also expressed her teaching strategies:

| always want to get an answer to the question | ask. | try to get him/her to
talk, and I'm usually angry at those who don't talk. I mean, even if it's wrong,
the student should be able to express his/her opinion in my class. | mean, here
is what your friend says, what do you say? | do it a lot (T1_I2).

She wanted to overcome students’ anxiety with her teaching:

Usually, students start with a fear, you know, they start with a fear of getting
to the board, standing up and speaking. I'm trying to overcome it as much as
| can... the student feels comfortable and she/he can speak her/his minds so
that we can reach something (T1_I2).
She had taught mathematics occasionally in her ideal class some time in the past. If
she had her ideal class at the moment, she wanted to use more concrete materials such
as fraction cards, and more smart board. Actually, she thought that concrete materials
were important for teaching. She also believed that these materials made

concretization of the content easier, and group works and discussion settings were
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made easier in this environment. Yet, because of the physical condition and facilities

of her class, she did not try to use the materials.

4.2.2 T2’s Beliefs about Teaching Mathematics

T2 had effective classroom management even though the number of students was
high. She played games, made activities and group work with concrete materials in
her lessons. T2 expressed that she took pleasure in teaching, learning, and engaging
in mathematics. If students did not understand, then she sometimes felt desperate.
She stated that students would not learn mathematics properly without a teacher.
There were two disadvantageous students, who had individualized education program
in T2’s class, and the number of the students was between 40 and 50. Therefore, she
had to spend effort with them during the lessons. This situation interrupted her

teaching many times. However, she never complained about the circumstances.

T2 believed that question-and-answer sequence during teaching was effective in
mathematics teaching. She also said that she used this method, and activities, smart
board activities, animations-games, and mostly direct instruction. However, she
believed that direct instruction method was more effective than other methods
because it was difficult to control crowded classes when using other methods. If
classroom size was low, using other methods was easier. On the other hand, T2
believed that using technology in mathematics teaching was not as effective as it was
said to be because there was not any progress when using technology in a crowded
class and technology did not increase students’ interest al the time: “It doesn't make
any difference for students to do something on a smart board all the time. It doesn't
get their attention. But when | do this from time to time, they can listen to it more
carefully. ”(T2_I2). Thus, she gave up using technology and continued to use direct

instruction. Observation notes approved T2’s expressions.

T2 stated that knowing mathematics makes real life easier, develops thinking skills,
and ensures real life skills, such as shopping. She also defined that effective teachers
and effective mathematis teaching should make students question and think. She

thought that if students made more questioning, they could understand much better.
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T2 expressed that she preferred students write the content on their notebooks because
it was more recallable this way. For T2, if students made themselves materials, such
as fraction models with paperboard, it was clearer and more understandable for them.

Her purpose in teaching mathematics was

... | teach the subject first, but let the student think and use his/her head while
teaching the subject. May it work for him/her in his/her daily life. That's why
| try to pick my examples especially from there. Make his/her life easier
(T2_11).
T2 gave particular importance to using daily life examples and contexts in her
lessons. However, students’ bias against mathematics and their interests, and school
principal affected her teaching. For school principal, she asserted that the principal
interfered in her lessons and activities, such as he did not permit making activities in
school garden. T2 claimed that she wanted to apply what they taught in real life, but
she could not do it because physical conditions and high number of students in the

classroom prevented it.

T2 thought that last changes in curriculum decreased the intensity of content. It was
good for both students and learners. For her, sets content in curriculum should be
returned. T2 also expressed that equations, rational numbers and fractions were the
most important, fundamental or central topics in the middle school mathematics
curriculum because these concepts were the bases for the future concepts and
connected to them. On the other hand, T2 did not mention any fundamental or central

skills in the curriculum.

According to T2, mathematical problem was a problem that could be encountered in
daily life. To laid emphasis on the importance of problem solving, she said: “I think
that a student who can solve mathematical problems can also better analyze his/her
problems in daily life and produce better solutions” (T2_I1). T2 expressed that she
understood from students’ eyes whether they understood the problem or not at that
time, and she would ask other questions, such as “what do you understand in the first
sentence of problem?” For problem solving activities, T2 spared more time then it

was allocated in the curriculum. She claimed that every lesson or after the instruction
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of topic, she solved and asked problems. Indeed, she solved at least one problem in

almost all observed lessons. Her approach in these activities was as follows:

Now I ask about the problem. I give time... | expect the student to solve it, but
I do not wait for it myself at the time, I'm wandering around, looking at what
the students are doing. If there are things that | see missing or need to
intervene, | intervene while they are solving them in their notebooks, and then
if I think it's generally understood, you know, if I think everyone can solve it,
| take someone from the class on the board. But if | see that they cannot solve
it in their notebooks, then I'm taking it back again and explain it myself. Then,
I go back to the student (T2_I1).

She claimed that students had difficulty to understand problems generally because

they did not have reading habit and did not understand what they read. She expressed

that when there were different solutions than her solutions that she did not explain in

her class, she showed it and also every different correct solution from the students.

T2 did not think teaching she was teaching in an ideal class and she defined this class

in terms of physical features, such as:

Class size is not crowded. For example, a class that does not exceed 20-22-
23, 25. | mean, mathematics class. | mean, it's my special class. It's a class
where | have all my materials, my ruler, this and that, my blocks, everything.
I mean... For example, | should be able to control the classroom layout as |
want. You know, in the seating arrangements, I should do ‘u’ if I want, 1
should do the normal desk, lines of two desks, if | want. (T2_12)

She also expressed that she would not change her teaching strategies, but she would

do more practice about daily life and would want to use more concrete materials in

her ideal class. However, there were not enough materials in her school for this.

4.2.3 T3’s Beliefs about Teaching Mathematics

T3 defined herself as a person who was willing to teach and loved teaching and

engaging in mathematics, but sometimes she did not feel the same energy from her

students. For instance, if a student disturbed the others in the lesson, she got angry

and spoke with a high volume. Yet, her behavior was more positive to the willing

students. Besides, in her class there were immigrant students, who had also adaptation

problems, and she complained about this situation. T3 was generally authoritative
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during the lesson and she never started the lesson before she established silence of

the students.

Knowing mathematics for T3 was finding solution for the problems. T3 defined that
effective teachers should make communication with their students because better
communication ensured more successful teacher. She also said that even though
mathematics teachers were not teachers of language, they should with speak proper
sentences and should be careful in terms of grammatical rules when teaching. These
rules “[may increase] the student's interest in the lesson .. it attracts more. Maybe it
increases success, you know, their success. For example, when | say the simplest
spelling, they can start writing more properly ” (T3_I1). According to T3, effective
mathematics teaching “is also very helpful in exams ... apart from just exams, I think
it affects ... In a daily problem, really... if it increases analytical thinking,
mathematics -- | think it does — she/he can find solutions faster. If it's really strong
(T3_I1).” She said that the purpose of teaching mathematics was to ensure students’
learning of mathematics. The reason for not learning mathematics adequately was the
deficiency in students’ fundamental concepts. T3 believed that teachers were
important for students’ learning and it would be difficult to learn mathematics

properly through watching videos or reading books, without the teacher.

She believed that concretization, visualization and storifying in mathematics teaching
was very effective because these strategies drew her students’ attention more. T3 said
that when the content was abstract, it was difficult to understand for students, but if
there was visualization, then students understood more easily. She also indicated that
giving more examples and exercises was important to help understanding as it was
observed in her lessons. She also used direct instruction method, emphasized rules
and progressed with it. She claimed that she sometimes used smartboard with “Egitim
Bilisim Ag1 (EBA)” sources and videos that included qualified educational electronic
contents. She used visualization and storifying in the observed lessons. However, she
mostly used smartboard with the supplementary book, and solved the examples and
problems from this book, but she did not use EBA sources or videos in the observed
lessons. T3 said that she gave up making activities because activities needed paying
attention to each student and the classes were crowded for this.
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T3 thought that the intensity of content in curriculum was decreased in the process of
time but it was not good for students because students would not study more. She
said that “To be honest, I'm one of those people who thinks that children learned
more in former curricula, intensive curricula ” (T3_I1). In addition, T3 expressed that
probability, permutation and combination should be returned to curriculum because
she enjoyed these topics. She told that students’ background and readiness affected
her teaching. T3 complained that students found the solution of given homework in
the internet, and they copied and submitted. She wanted to make one to one teaching
and give special attention to students, but there was not enough time to do it. T3
expressed that numbers such as whole numbers, rational numbers, exponential
numbers, and root numbers were the most important, fundamental or central topics

in the middle school mathematics curriculum because

They come across [with the numbers] in all exams throughout their lives
starting from middle school and they appear in all exams all their lives...
They're dealing with numbers everywhere, especially the integers. Integers
never come out of their lives. That's why it's important (T3_I1).
The most important, fundamental or central skills in the curriculum were four
operations skills. For preparing lessons herself, she expressed that “I give more
importance to some subjects .... sometimes | sit down with pen and paper and prepare
something ... especially when I first introduce a new topic or at the end of the topic”
(T3_12). As stated above, she expressed rational numbers as a central concept;
however, her observed lessons did not reflect this importance in the way she
decsribed. She did not have any preparation before the rational numbers class. She
only used electronic sources and solved the problems, and did practice and drill on
the smart board. She also did not do anything special at the end of the rational

numbers.

T3 defined ‘mathematical problem’ as “sorting out something complex” (T3_I1). For

the importance of problem solving, she said that mathematics is a problem and the

importance is reaching the result. If students solved the problem, then they could

apply it in daily life. In order to find out whether students understood the problem or

not, she looked at their eyes. If they looked blank at the problem, then that meant they

did not understand it. In addition to this, she asserted that verbal and written
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assessments helped to understand it. She did not spare special time for problem
solving activities, but spent the time suggested in the curriculum. If there was
remaining time from her lessons, then she asked problems. However, this claim was

not observed in her lessons.

In problem solving activities, she followed the following path:

| ensure that they think about it first. You know, is there anyone who can do it
... Then sometimes in the first examples they cannot produce any ideas. | lead
the way first. In the second and third examples, they start to say something
(T3_11).
When there were different solutions than T3’s solutions, first she checked it. Then,
she showed it on the blackboard, but mostly she solved the problems in different ways

because students did not generally come up with different solutions.

According to T3, the ideal class consisted of responsible students who were prepared
for the topic before the lesson by watching videos from the internet and reading about
the topic. She wanted to see students who had high readiness level. Additionally, the
number of students should not be over the 20 in her ideal class. However, she
indicated that her current classrooms only fitted her class size criteria for the ideal
class. In the meantime, T3 expressed that although she would not change her teaching

strategies in her ideal class, she would increase the level of questions.

4.2.4 T4’s Beliefs about Teaching Mathematics

T4 indicated that she felt happy when she was learning and teaching mathematics. If
students wanted to learn mathematics, she felt much better. Moreover, she expressed
that parents of students were supportive to her in terms of guidance for the students,
such as they bought additional resources and books that she asked. She stated that
students could learn mathematics without a teacher in peer learning, but she did not
seem to put it into practice. She emphasized the rules of rational numbers content in
the interviews and used these rules sometimes in her lessons. T4 also thought that she
had to use direct instruction method in mathematics teaching because there were
several topics and learning outcomes, but there was limited time to teach, and the
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class was very crowded. She stated that she used models sometimes in her lessons,
such as counters in whole numbers, solid models and paper folding, but she gave up
using them except for the counters because of the crowded classroom context.

T4 asserted that in order to know mathematics, first, one should like mathematics,
and then have the computation skills. She added that students should not have bias
against mathematics because if they had it, they gave up studying it. Students should
also like the teacher. After that, they could cope with mathematics. Students’
knowledge of mathematics from the elementary school was also important for
knowing mathematics. According to T4, students could learn mathematics without
teacher in peer learning, but she did not seem to put it into practice. Besides, T4
defined that effective teachers should have content knowledge, pedagogical
knowledge, and experience. For the pedagogy, teachers should establish
communication and have classroom management. If the teacher did not have
adequate content knowledge, students could have bias against the teacher because the
teacher did not know anything. If there was no classroom management, the class
would be very noisy, and it would prevent the students follow the lesson. According
to T4, effective mathematics teaching ensured permanent learning. Her purpose in
teaching mathematics was to make students love mathematics, not have bias against
mathematics, and not be bored in the lessons. T4 thought that she accomplished the

loving status.

T4 thought that the last changes in curriculum decreased the intensity of the content.
The dispersing was also good except for dividing the content. For instance, she said
that she had taught addition and subtraction in integers in last year, but she taught
division and multiplication in integers in next year. Thus, she stated that there was a
long time between these topics. T4 told that students’ background, readiness, noise
in lessons, and her mood affected her teaching. In addition to this, she wanted to make

peer to peer teaching, but there was not enough time to do it.

T4 expressed that the most important, fundamental or central topics in the middle

school mathematics curriculum were order of operations, equations and algebraic

expressions because these concepts were connected to following concepts. For
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fundamental or central skills in the curriculum, T4 mentioned knowing the
multiplication table. She defined ‘mathematical problem’ as an obscurity which
students did not know and it was formed in students’ daily life. However, she claimed

that problems in the textbook were far from reality and they did not fit the daily life.

To lay emphasis on the importance of problem solving, T4 claimed that if students
could solve the problems, then they could handle other topics in mathematics. She
also mentioned the steps of problem solving process as “first she/he needs to reason,
she/he needs to think about the problem. Then ... she/he needs to understand the
problem thoroughly and analyze it. Finally, she/he must reach a solution” (T4_I1).
Nonetheless, she did not apply these steps in her lessons. T4 expressed that in order
to check whether students understood the problem, she asked another similar
problem. If the students solved that problem, then it meant they understood them. She
spared time as suggested in the curriculum for the problem solving activities. She also
said that if there were any abstract concepts in the problems, then she would
concretize them and solve with models, as observed in her lessons. In the opinion of
T4, when there were different solutions than her solutions, she liked and showed them
on the board. She showed diffirent solutions for the most of the problems on the board

in the observed lessons.

T4 defined ideal class as “a class that loves mathematics, listens well to the lesson,
does not pay too much attention on other things in the lesson ... A class without
prejudice against mathematics” (T4_12). She was satisfied with her class, yet if the
class was not crowded and did not have more than 5 students, she would be more
satisfied and that would be an ideal class. Because of easy concretization, she claimed
that she used real models. In her teaching, she showed models on the board with

drawings.

4.2.5 T5’s Beliefs about Teaching Mathematics

T5 liked both learning and teaching mathematics. When students did not learn or

understand the content, she claimed that she would get angry, but this did not happen

during the observed lessons. T5 also mentioned that the class size in her school did
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not exceed 20, but most of the students needed particular attention from the teachers.

Thus, after writing even a short script on the board, she had to wait for the students.

T5 thought that direct instruction, extensive practice and using models were effective
in mathematics teaching because students would learn the topic directly from teacher.
She also asserted that students would learn mathematics by using books without the
teacher, yet that would not form a proper mathematical knowledge. For modelling,
she said that students could see and learn together, but she taught rational numbers
with direct instruction in almost all lessons. T5 expressed that she used group work
and project-based learning in the past, but she gave up them because students did not
adapt to these methods. She said that she gave homework from the internet sources
and an instructional materials website, or assigned tests and copied materials;
however, this was observed only in a few lessons. It was observed that she used
supplementary book almost in her all teaching. There was no smart board in her class.
If there was a smart board in the class, T5 expressed that she would solve more
examples on the smart board because writing on the board took a lot of time. She
generally gave rules or concretized these rules in her lessons. In addition to this, she
tried to make students memorize these rules. She praised herself that if students

understood very well, then that meant she she taught well.

According to T5, knowing mathematics meant not only solving mathematical
problems, but also having a quick mind, generating an easy solution for the problem
situation, and looking at it from a different aspect. T5 defined that effective teachers
should reach students’ level, and know the area of their interests. Effective teachers
also should be able to give examples from students’ life and interests. T5 believed
that effective mathematics teaching ensured increasing students’ enjoyment of
mathematics, reducing the fear of mathematics and overcoming a negative bias. With
effective teaching, students could also use mathematics in daily life, such as in
shopping, and to have a different point of view. According to T5, mathematical
problems had one correct result, but there were many ways to solve them. Her purpose
in teaching mathematics was to make students score high in the national examinations

because examination was important in students’ and teachers’ lives and mathematics
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was the most important lesson in the examination. However, she indicated that she

could not fulfil her purpose because of careless parents of her students.

T5 thought that the last changes in the curriculum decreased the intensity of the
content and made it weaker. Nevertheless, she did not propose any content or topic
to add to the current curriculum. She just offered to assemble contents such as
addition — subtraction and multiplication — division topics. T5 expressed that
equations, rational numbers and whole numbers were the most important,
fundamental or central topics in the middle school mathematics curriculum because
students met these concepts for the first time and they were the basic concepts for
next ones. T5 stated that performing mental operations was the fundamental or central
skill in the curriculum because these operations facilitated students' work at the high

school and the university.

According to T5, ‘mathematical problem” was a problem that had one correct result,
but there were more than one way to solve it. She did not define the importance of
problem solving much. She only expressed that the problem solving could ensure
students’ reasoning. T5 expressed that she asked problems in different ways to realise
whether students understood the problem or not at that time. If students solved those
problems, then that meant they understood them. To give an example, she said that
she taught multiplication of whole numbers with models and number line. Then, she
gave other model and asked writing a problem for the model. If students could write
a problem, it meant that they understood the contexts and related problems.
Additionally, if her students used the contexts in different lessons, such as science
lesson, then it meant that students understood it. T5 described problem solving
process that she gave easy problems and clues to solve it. She did not apply any steps.
In problem solving activities, T5 claimed that she spared time as long as it was
suggested in the curriculum. She stated that she used problem solving in every lesson
about 20 — 25 minutes, and used it to make students find common rules for solving
other problems. However, this was not seen during the observations. Her definition
of problem solving process or activities was different as she defined all examples,

finding rules in content, and word problems as problem solving. She expressed that
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she showed every different correct solution from the students on the board when there

were different solutions than her solutions.

T5 did not think that she was teaching in an ideal class, which she defined as

(including) students who bring course materials, bring them completely, and
listen to the lesson in a way that they are hungry for knowledge. Students who
are eager to solve such questions... There may be things that encourage for
doing mathematics in terms of physical properties. Or we can hang posters to
present mathematical knowledge (T5_12).
In the meantime, she also expressed that she used concrete materials. However, she
could not use materials in the lessons at the time of the study because she had a
negative experience in using compass in the classroom. When she taught drawing

circle with compass, one student darted the compass to his friend’s head and he was

injured.

4.2.6 T6’s Beliefs about Teaching Mathematics

T6 stated that although he liked teaching and learning mathematics, he liked teaching
science more than teaching mathematics. T6 taught science in the first years of the
teaching profession, and he stated that he understood whether students comprehended
the content or not in science better than in mathematics. He could not observe
students’ understanding completely in the mathematics lessons. Sometimes in
mathematics, if students did not understand, he felt desperate and this situation was a
torture for him. In spite of all these things, T6 was self-confident and said that he did
not make a preparation before the lesson because he was an experienced teacher and

remembered the topics.

When classroom and time management of his teaching were examined from the
observation notes, it was seen that T6 did not have proper classroom management
and most of the students did not listen to him. According to him, the reason for
students’ inattentive attitutes was that they mostly focused on the examinations,
scoring high, and they attended private teaching institutions. However, during his

teaching, he recognized and looked at only to the students who were sitting in front
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of the class, and other students were ignored. He checked the homeworks that he
assigned at least twice a week. He also asked students to clean the classroom in the
last five minutes of the lessons. These things were time consuming for his teaching

process.

T6 thought that direct instruction and using technology together was effective in
mathematics teaching. Although, his class had a smart board and the internet
connection, he could not integrate them in his lessons actively because it was time
consuming for him especially when the internet connection was lost. The existing
technological infrastructure was not effective as observed in the lesson. He took a
course about using GeoGebra in the past, but he said that he sometimes used it in
geometry lessons. Yet, he could not manage the internet resources at a short time
during the observations. He also said that even though he used real concrete materials
and models to show fractions in the 61 grade, such as bread and cake, he did not want
to use concrete materials in the 7" grade rational numbers, because the content was
more abstract and there were negative numbers. He gave up distributing activity sheet
and worksheet to students because he stated that the class was crowded and hard to
control, thus he could not achieve classroom management. He also said “maybe using
manipulatives or concrete materials can be very effective in 10-15-student
classrooms, but you cannot teach it to 30-student class (76 11)”. Moreover, T6
asserted that students should be divided into two parts as those who learned
mathematics and those who did not learn mathematics in their further education. He
believed that

...those who will learn mathematics and those who will not learn, that is, after
receiving compulsory education, [those who] will not study, the student will
be atradesman /.../. Mathematics is unnecessary for him, it is cruelty for both
[the teacher and the student]. It's bad if you teach him too much, and if you
teach him less, then he [will have less] (T6_I1).

After this kind of separation, he wanted to enrich the content and teach the students

who wanted to learn more mathematics.

Observation notes indicated that T6 used direct instruction method and taught

mathematics with rules. To give an example, when he showed the denominator in the
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number line, he divided the whole as marking one less number times of the
denominator. T6 tried to make students memorize this procedure as a rule. He mostly
dictated shortcuts, rules, and definitions as a note. He expressed that he wanted them
to memorize these notes and rules. In addition to this, he stated that teachers had
important role in teaching and students would not learn mathematics properly without
teacher. Even if students had individual differences, teachers should exist and guide
them.

T6 expressed that knowing mathematics meant sorting out the relations such as
relations with numbers, meaning of numbers, or explaining the meaning of numbers
with daily life. Effective teachers should be good with students and make good
communication with her/his students. Effective teachers also should teach
mathematics in students’ way, or the way that students could understand. T6 believed
that in order to be effective teachers, there was no need to be a mathematics expert
because teaching mathematics in middle school did not require high level
mathematics. It started with four operations and continued with little details. If
teaching mathematics was equivalent to real life and included in activities, concrete
materials, then it would be more effective. However, T6 said that he could not do it
because of high number of students in the classroom and physical conditions.
Although he thought that teaching through experience was more effective on
students, he used direct instruction in his lesson. Additionally, based on T6’s
responses, effective mathematics teaching ensured that students could build cause
and effect relationship and could feel confident in daily life and shopping. His
purpose in teaching mathematics was to teach students mathematics “enough to meet
students’ daily needs in their life... that is, to be able to teach mathematics that is
sufficient for work environments, future professions, so that they do not have any
problems” (T6_I1). Despite the fact that T6 gave particular importance to connecting
mathematics to daily life, this was not observed in his lessons. He asserted that he
reached his purpose in more than half of the students. Because of not having essential

communication, he did not reach the rest of students.

T6 thought that the latest changes in the curriculum decreased the intensity of content,
which was not effective. He believed that “We do not teach mathematics, so we try
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to convince them that mathematics is a lesson that can be learned. As I said, we are
trying to teach four operations properly” (T6_11). For that matter, he expressed that
he completed the 7" grade curriculum during the first semester last year because there
were not many concepts to teach: “You're passing, you're passing, there's nothing to
teach. You always give and pass” (T6_I1). He emphasized being successful in the
national exam, TEOG, as observed in his lessons. T6 expressed that three factors, the
content, the students, and the physical conditions, were affecting his teaching. He said
that first, the content was important, and sometimes he did not understand fully the
mathematics that he would teach. Understanding the content took considerable time
for him. Second, students’ preparedness and expectations affected his teaching.
Third, physical conditions such as the class size, the number of the students, and

available concrete materials affected his teaching.

T6 expressed that algebra, algebraic expression, 3D shapes’ area-volume, rational
numbers, fractions and four operations were the most important, fundamental or
central topics in the middle school mathematics curriculum because middle school
mathematics was the transition stage to the high school and to a more complex
content. The thing that he wanted to do was opening up students’ horizon in terms of
mathematics. He also expressed that he was feeling like teaching real mathematics in
the 8" grade lessons. On the other hand, T6 mentioned only using four operations as

fundamental or central skills in the curriculum.

According to T6, mathematical problem was a problem that one could encounter in
daily life. It was an obstacle that had to be solved by students. To lay emphasis on
the importance of problem solving, he said that students applied what they learned in
mathematics. Thus, he could see these applications in problem solving process.
Students should also figure out that mathematics that they learned was functional, it
was not empty, and it could be used. T6 expressed that he understood whether
students understood the problem or not from their eyes. If a student looked blank at
the problem, then he realized that the student did not understand the problem. For
problem solving activities, T6 spared time as suggested in the curriculum, and his

way in these activities was as follows:
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You write down the problem, you get feedback from the students about the
problem. ... We figure out what can be done or we solve it together at first.
After that, there is the problem of time when you ask the problem and solve
the problem. You can solve a maximum of 2 or 3 problems properly in a lesson
hour. It takes a lot of your time. (T6_I1)
Observations showed that T6 instructed all steps of problem solving process, but he
did not apply them. He gave some time to the students for solving the problems. If
students could not solve it, then he helped them. When there were different solutions
than his solutions, he expressed that he acted based on the students’ level. If a
different solution was higher than students’ level or could confuse students’ mind,
then he did not want to show the different solution. He also accepted every different

correct solution from students.

T6 did not think that he was teaching in an ideal class and he defined this class in

terms of students, teachers, and physical conditions:

It is the classroom you know what to teach. It is the classroom where students
know what to learn. ... | mean, students do not know what to learn in the
classroom system in our current education system. The teacher also doesn't
know exactly what to teach... a class where | have a lot of materials, that is,
different teaching methods, time, low class size... enough to devote time to
students, a wide range of opportunities. (T6_12).

In the meantime, although T6 mentioned about employing different teaching

strategies and concrete materials, he expressed that he did not change her teaching

strategies. He wanted to be a teacher of students who had high mathematics level and

eagerness to learn.

4.3 Middle School Mathematics Teachers’ Beliefs Regarding Rational

Numbers

The participants’ beliefs were presented with the themes for this study, which
included the recurring patterns of the participants’ beliefs (Merriam & Tisdell, 2016).
Moreover, in order to build an understanding, developing themes are necessary and

make it easier (Maxwell, 2013). Hence, in this study, the themes were identified
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through a holistic analysis of participants’ responses. The narrative and interpretative

descriptions of each theme also were explained with examples from participants.

4.3.1 Beliefs about Students and Their Learning

All participants except T4 believed that students would not learn mathematics well
without a teacher. For instance, T3 said that only watching videos or reading books
were not enough to learn the mathematics concepts properly. However, T4 expressed
that students could learn mathematics with peer learning. T1 and T3 expressed that
audio-visual materials enriched educational environment and enhanced students’
understanding. Participants believed that in order to draw the students’ attention,
concrete materials or real-life examples could be useful. Yet, T1 and T4 claimed that
fraction cards were needless except for at the first glance. T1 and T2 claimed that
they rewarded students who responded correctly to the special questions in order to
increase students’ attention to the lessons. T3 mentioned that visualization and

storifying could draw students’ attention more.

According to the participants, the reasons of students’ misunderstanding or
misconceptions about rational numbers were mislearning the content or confusing the
rules. In this regard, T2 and T6 did not show all proofs or solutions because they
stated that students could be confused. T1 proposed that if students were not willing
to learn, they could not learn it very well. T2 believed that when students wrote the
content on their notebooks, they could easily remember that content. T6 did not seem
to believe that every student can learn mathematics. He rather believed that students
should be separated based on their mathematics level and future job intentions, and

should be taught mathematics at different levels.

Participants wanted to use different types of questions in their exams such as true-

false, word problems, short answers, and multiple choice questions, in order to see

indicators of students’ learning. They believed that monotype questions could be

inadequate for this. T2 and T3 claimed that they looked at students’ eyes in the lesson

in order to find out whether students have understood the content, problem or not. If

students looked blank, teachers would interpret that students did not understand it.
110



For T5, when students used what they have learned in different lessons, such as

science lesson, then this would be an indicator of their learning.

4.3.2 Beliefs about Mathematics Teaching

Most of the teachers in this study believed that direct instruction was more effective
in teaching mathematics. T5 believed that students could learn the topic directly from
the teacher easily. T3, T4, T5 and T6 expressed that students should memorize the
necessary rules, definitions, and shortcuts. On the other hand, T1 believed that
effective teachers should not make students memorize and they could transfer the
content to students without memorization. T1, unlike other teachers, chose to employ
discussion method in the lessons. T1 and T3 indicated that their teaching was affected
by the students’ background and readiness which would result in changing examples

and teaching methodes.

Teachers were not much willing to use technology. T2 believed using technology in
a crowded classroom was not effective. However, her using of smartboard seemed to
be targeting students’ attention because she believed that if smartboard would be used
all the time, it would not attract students. T6 also believed that using activity sheets
and worksheets would not be suitable in crowded classrooms as it would be difficult

to control the class.

Except for T2, participants did not make preparation before their lessons generally
because they believed that they were experienced teachers and a preparation was not
necessary. For example, T6 stated that he remembered the topics because he was an
experienced teacher and that teaching mathematics in middle school did not require
high level mathematics, and therefore, there was no need to be an expert in order to
teach the content. Teachers claimed that mathematics textbook was inadequate for

teaching in terms of examples. Nonetheless, they mostly used supplementary sources.

Almost all teachers described their ideal class in terms of physical features where

they focused on the number of students and existence of concrete materials. They also

wanted to teach students who had high readiness level and were willing to learn
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mathematics, especially T3 and T5. Teachers did not think about changing their
teaching strategies. T1 and T3 wanted to work with the students one to one in a
mathematics laboratory, but there were not enough time or available place for this.

T5 also stated that she wanted to use the smart board and solve more examples on it.

4.3.3 Beliefs about Mathematics

About fundamental topics of the middle school mathematics curriculum, all teachers
agreed that those were the whole numbers, rational numbers, fractions, equations and
algebra because these were the basis for the other concepts or connected to future
ones. Additionally, for the most essential skills addressed in the curriculum, they
claimed that those were problem solving skills and four operations skills. Only T4

reduced these skills on particular one, knowing the multiplication table.

Most of participants pointed out that if students knew mathematics, they could adapt
real life easier and develop thinking skills. Indicators of these beliefs were visible in
their teaching. For instance, T2 used daily life examples extensively and gave
particular importance to them. T6’s purpose was teaching students as much as
possible to meet basic needs in daily life. On the other hand, mathematics was
important for the participants due to its role in the national examination. T5’s purpose
was ensuring students to score high in the national examination because it was a

significant indicator of achivement for both students and teachers.

At the end of the topics, teachers asked and solved problems in line with the learning
outcome identified in the curriculum. Hence, they followed up the curriculum and
gave a limited time for problem solving. Observations showed that they generally did
not exceed the allocated time for problem solving activities in the curriculum. Some
of them claimed that they asked word problems to students most of the lessons. T2
used problem solving the most among the participants as she expressed that if
students solved problems, they would make better analyses in real life problems and
solve them easily. T1 and T4 also stated that problem solving was important for
mathematics because it included both analytical thinking and using operations
together. On the other hand, T3, T5 and T6 gave more vague reply to view of problem
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solving, such as if students solved the problems, it would reflect to their daily life

positively.

Based on the observation, participants’ problem solving process was as same as the
other exercises. They generally asked the question and wrote on the board, then gave
some time. Students, who solved the problem, showed their solution to teachers
individually, especially in T1’s, T2’s and T4’s class. Teachers selected one of them
to show it on the board. At the end, they explained it. If there was any different
solution, then teachers showed it on the board. They mostly welcomed the different
solutions. For instance, T6 said that sometimes he honored students for solving in a
different way. Besides, it can be said that teachers acted parallel with their teaching
method in problem solving. For instance, T1 used discussion method and students re-
explained problems with own words, and other teachers, especially T3, T5 and T6,
explained the solutions with rules. Furthermore, participants believed that problems
were more complex than practice and drill. Hence, they changed the difficulty level
of problems based on their students.

4.4 The Interaction between Middle School Mathematics Teachers’ Beliefs
and Their PCK about Rational Numbers

The analysis of participants’ interviews and their observations revealed mostly
coherency between the way teachers taught and the way teachers described their
teaching as they believed they did. There seemed to be an interaction between their
beliefs and their MPCK. The interaction between all teachers’ beliefs and their

MPCK in terms of rational numbers content can be seen in Figure 19.
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Figure 19. Interaction between participants’ beliefs and MPCK

In Mathematical Curricular Knowledge and Beliefs aspect, teachers believed that
certain ideas/concepts/skills were the key or central because these were connected the
other content in the curriculum. They generally had very similar ideas in terms of
topics in middle school mathematics curriculum. These beliefs about mathematics
were interacted to the identifying the key ideas in learning programs component of
the Mathematical Curricular Knowledge. Besides, half of participants’ opinions
about the simplification of curriculum were positive, but other half of teachers
asserted that it was negative in terms of mathematics because the latter ones believed
that more mathematics content in curriculum urged students to study hard. Hence,
they determined the content of the curriculum based on these beliefs. Although the
data set in this study was limited in this sense, it can be said that participants might
prioritize key concepts in their teaching based on their beliefs and emphasize them
further in teaching. Moreover, they were aware of the spiral structure of the
curriculum. Thus, they believed that if the present content could not be taught
properly, it would affect the following content. This was related to the component,

selecting possible pathways and seeing connections within the curriculum.
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Establishing appropriate learning goals, knowing different assessment formats and
Knowledge of mathematics curriculum components did not interact their beliefs. The
reason might be that (i) teachers did not determine learning goals because they are
identified by the Ministry in the curriculum; they indicated and used different
assessment formats in all mathematics topics, without much preference for specific
situations; and they already had a considerable knowledge of curriculum, which they
did not decide and only implement. In brief, it is most probably the case that they
learned about these knowledge types during the teacher education program and their
beliefs in relation to these were rather invisible because they simply used the

knowledge regardless of the situation and without much decision making.

In Knowledge of Planning for Mathematics Teaching and Learning and Beliefs
aspect, teachers’ Knowledge of Planning for Mathematics Teaching and Learning
(pre-active) were related to all the mathematics related beliefs found in this study.
The interaction between this knowledge and their beliefs about students and their
learning was traced in their planning of assessment and use of technology. Teachers
preferred to employ different type of questions in their assessment because they
believed that it was more effective in understanding the extent of students’ learning
than one type of question (Choosing assessment formats). Some teachers did not
prefer to include technology in their planning of the lesson because they believed that
use of technology would not be effective for students’ learning. This was also related

to Planning or selecting appropriate activities component of pre-active dimension.

Participants’ planning action was in interaction with their beliefs that they did not
need to plan because they were experienced teachers, and they believed that they did
not have to prepare for the lesson. Besides, teachers in the current study seemed to
choose direct instruction or discussion method because of their beliefs. These beliefs
intereacted Planning mathematical lessons and Planning appropriate methods for
representing mathematical ideas components. They did not seem to pay attention to
predicting typical students’ responses and including misconceptions. This was
evident in the observations and the responses to the vignette’s questions. On the other
hand, they seem to think about real life examples in their informal planning of the
lessons. This might be related to their beliefs that when students had knowledge about
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mathematics, they could adapt themselves to real life and have analytical thinking
skills. Moreover, they asserted in interviews that they used word problems related to
real life in problem solving parts of the lesson in line with their beliefs that problem
solving process ensured analytical thinking and operational skills addressing the

Identifying different approaches for solving mathematical problems component.

Enacting Mathematics for Teaching and Learning and Beliefs (interactive) seemed
to be in interaction with all the belief aspects. What they believed about students’ and
their learning seemed to be related to their teaching. Participants believed that visual
materials, real life examples, concrete materials, and rewarding them drew students’
attention and enhanced their learning, and they employed these in their teaching.
Similarly, beliefs about the discipline in the class was visible in their teaching when
teachers responded to students’ misbehavior. Most of the participants claimed that
memorizing the necessary rules, definitions and shortcuts were more effective for
teaching students because they would not be confused by the rationale of the rules.
Then, they directed students to memorize these rules in rational numbers. None of the
teachers showed the model of division of rational numbers and almost all of them
taught divisions of rational numbers by memorizing it as a rule, reverse second
rational numbers and multiply them. When students asked the reason of the reversing
in division, teachers said that it was a rule and it was accepted in this way.

It seemed that the interaction between beliefs about mathematics teaching and
Enacting Mathematics for Teaching and Learning (interactive) might be reciprocal.
To illustrate, a limited set of data in this study suggested that when teachers saw a
new example or a strategy, and believed that it could be beneficial for students, they
may tend to use it in the classroom and possibly include it in their further practices.
This was more evident in T1’s beliefs and teaching. When T1 responded the vignette
questions, she liked question 2 (different pizzas) and question 4 (number lines). Then,
she said that she would use these examples in her lesson and used them both in the
6" grade and 7™" grade classes in the observed lessons. Similarly, she realized during
her graduate studies that she learned most mathematics content with memorizing and
that discussion would be an effective method in the classroom instead of making
students memorize. Then, she employed discussion method in her teaching more
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often as observed during the study. It is also possible that she realized more that
discussion was a better method to teach mathematics concepts as she employed it
more in her teaching, addressing a possible reciprocal relationship. Another example
for the possible interrelationship was the differences in T2 and T6’s beliefs and
teaching in similar classrooms. T6 did not apply activities or worksheets because he
believed that it was difficult to control the crowded class. However, T2 conducted
activities and used worksheets in an equally crowded class with similar student level
and two students who had individualized education program. Their beliefs seemed to
affect the ways they taught mathematics although they were teaching in similar
classroom contexts. T6 did not have effective classroom management in the observed
lessons. Therefore, he might believe that employing any different form of teaching
would result in more problems in the classroom and did not attempt to conduct
activities. On the other hand, T6 might have seen the effectiveness of her
implementations and come to believe that these were more effective for students’

learning.

In the present study, participants believed that problems were related to daily life and
that their students felt that problems were more complex than other exercises.
Because of that, they changed the difficulty level of problems based on their students’
understanding. For instance, T1’s problems in the 6™ grade class were easier (with
respect to the average 6th grade problems) than the 71" grade class (with respect to
the average 7th grade problems) because she believed that 7" grade students’

understanding were higher than 6" grade ones.
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CHAPTER 5

DISCUSSION

The purposes of the current study were threefold: 1) to explore the nature of middle
school mathematics teachers’ PCK regarding rational numbers, 2) to explore their
mathematics-related beliefs regarding rational numbers, 3) to describe any interaction
that may exist between middle school mathematics teachers’ beliefs and their PCK
for teaching rational numbers. The TEDS-M framework was used to analyze

participants’ responses which were presented the previous chapter.

The purpose of this chapter is to provide conclusions for the findings of this study
and offer implications. In more detail, first, middle school mathematics teachers’
PCK and mathematics-related beliefs regarding rational numbers, and the interaction
between them are discussed. Although there are interpretations for the strenght or
weight of their PCK below, it should be reminded that they are cautious speculations
based on the data. Second, both the limitations of the current study and
recommendations, suggestions and concluding remarks for the further research are

presented.

5.1 Middle School Mathematics Teachers’ PCK

The first research question which was addressed in the present study was about the
nature of middle school mathematics teachers’ PCK regarding rational numbers.
Participant teachers’ responses to the interview and vignettes questions, and teaching
practices were examined. Knowledge of students’ (mis)conceptions, instructional
strategies, representations and curriculum are the core components of PCK (Depaepe,
Verschaffel & Kelchtermans, 2013) and PCK has an important role on teachers’

decisions about instruction such as selecting mathematical tasks, instructional
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methods, and types of assessments (Ball, 2000; Shulman, 1986). There were findings
that indicated some of the teachers had more of a complete understanding than others
about certain parts of rational numbers and teaching this concept. Knowledge of
models or representations affect teaching mathematics (Tchoshanov, 2011). Almost
all participants could draw a model for multiplication of rational numbers, but they
did not show division model of rational numbers at the first glance. Only T1 wanted
to show that model after the interviews and vignettes and she drew it after some
struggle. Other teachers did not show the division models. Consequently, they did not
teach division with a model but focused on ‘invert and multiply’ algorithm and did
not explain why the algorithm works, as found in other studies with teachers and
preservice teachers (Ball, 1990; Borko et al., 1992; Eisenhart et al., 1993; Ma, 1999;
Singmuang, 2002; Tirosh, 2000). Similar results were also stated by Isiksal (2006)
where she found that in order to symbolize and solve multiplication and division
problems preservice mathematics teachers had sufficient content knowledge without
conceptual understanding. Likewise, in the present study participants had sufficient
procedural knowledge in terms of rational numbers contents, especially division and
multiplication. In general, even though the participants had deficiency about how
rational numbers were represented differently, they had sufficient knowledge to teach
this concept with direct instruction and rules. Thus, most of them used direct
instruction, verbal explanations, and rules. It means that participants might have the
components of mathematical curricular knowledge aspects except for establishing
appropriate learning goals which was not observed in their lessons and interviews.
The reason was most possibly that the middle school curriculum is developed by
MONE and it defines the objectives and contents, which cannot be changed by
teachers. Teachers can only decide how they teach the content. Hence, the learning
goals are certain and they are not established by teachers who learn about these goals
from the curriculum. Therefore, the data set in this study was not informative in terms

of establishing appropriate learning goal aspect.

Findings indicated that teacher education programs should emphasize the conceptual

knowledge on some of the rational number topics, such as division operations, and

relationships between representations. Other studies also mentioned that topics in

elementary or secondary curriculum should be included explicitly in teacher
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education programs (Even & Tirosh, 1995; Singmuang, 2002). For the case of
inservice teachers, particular training programs should be initiated for opportunities
to develop the deep knowledge about concepts and relationships. Colleagues could
discuss, interpret and share their ideas and experiences in order to enhance the

knowledge structures and eventually teaching.

The content was particular in the current study, the rational numbers. The reason for
selecting this topic was to understand teachers’ teaching and PCK in order to inform
similar contents in mathematics. To give an example, in geometry, teachers could use
mostly visual images, concrete materials, or technology because geometry is more
suitable and almost requires using these materials and methodologies. In algebra,
teachers may use direct instruction more and materials and visuals less. However,
teaching rational numbers are suitable almost all different methodologies, where
teachers can use manipulatives, visuals, technology, and a number of different

methods such as group work, direct instruction, and discussion.

Although participants used concrete materials or real-life examples in the
introduction process of the rational numbers, they continued mostly with direct
instruction apart from T1, who used discussion method. They did not employ
technology in order to enhance students’ learning and to illustrate fractions or rational
numbers effectively, either. In the literature, researchers stated that many elementary
mathematics teachers taught in a traditional manner where the teacher showed and
explained examples and students practiced the shown examples. The teacher or the
textbook was the source for authority in traditional classes (Ball et al., 2001; Philipp,
2007; Putnam & Borko, 2000; Steele, 2001). Findings of this study were in line with
the previous studies. Although there were attempts of using concrete materials, such
attempts had the potential to cause misconceptions, such as T6’s bread example in
rational number or slice of mandarin, which did not have equal parts. When teachers
considered the misconceptions of rational numbers, they thought that the reason could
be deficient teaching, and mislearning or not memorizing the rules, but did not seem
to consider their own teaching as a reason. These findings indicated some kind of
weakness in participants’ enacting mahematics for teaching and learning
(interactive) aspect especially for explaining or representing mathematical concepts
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or procedures component. Similar findings were also stated in other studies. For
instance, Isiksal (2006) identified that inadequate formal knowledge, limited
conceptions on the notion of fractions, and overgeneralization of the properties of

natural numbers were important sources for the mistakes.

Participants did not make a lesson plan before their lesson and they generally used
the textbook and supplementary sources in their teaching. It might be the case that
they did not plan because they hardly employed any other method for teaching and
believed that they did not need to plan for teaching the content which mostly included
rules. These findings were also indicators of some weakness in the knowledge of
planning for mathematics teaching and learning aspect. They were not prepared for
making alternative explanations of the concepts and the rules. Teachers gave a time
to students for writing the board, and if someone could not understand an example or
content, they mostly intended to explain it again without much change in the content
of the explanation. After this explanation, they always asked to students whether
anything was unclear or not understood. Yet, when there was a different solution for
questions, teachers gave opportunity to the students to show it. On the other hand, if
students gave wrong answers to the questions, most of the teachers explained the
correct solution in the correct way. Similarly, most of the students showed or
expressed their responses to teachers individually, and teachers gave feedback to their
students as correct or false. Only some of the teachers tried to understand the reason
or misconception of students’ incorrect answers during whole class teaching or while
giving feedback individually in the lesson. Furthermore, teachers followed the same
path in problem solving process even tough they knew or taught problem solving
steps. For instance, T6 taught problem solving steps, but he did not apply these steps

in the solution of problems.

These findings showed that teachers’ PCK did not seem to include strong components
for identifying and responding to students’ misconceptions. They neither planned for
identifying misconceptions, nor for responding to them. In this sense, they did not
seem to have or prioritize predicting typical students’ responses, including
misconceptions component as a type of knowledge of planning for mathematics
teaching and learning.

121



Baumert et al. (2010) found a statistically significant relationship between student
achievement and teachers’ PCK for mathematics such that if teachers had stronger
PCK, they could assess their students’ understanding at a high level. In the current
study, it was explored that participants knew the different question types, such as
open-ended, multiple choice, ordering, short answer, true-false questions, and
intended to apply them together in their assessment. In terms of mathematical
approach to assessment, they employed the word problems the least and basic
algorithm questions the most both in their lessons and in the exams. This showed that
participants had knowledge about the components of knowing different assessment

formats and choosing assessment formats.

There seemed to be some confusion of the rational numbers and fractions content in
curriculum. In the vignettes, participants could not determine which word problem
was included in the 6™ grade fractions or 7" grade rational numbers curricula.
However, they were able to manage this during teaching. They also connected
rational numbers, fractions and previous topics in their teaching. In this regard, they
seem to have sufficient knowledge about selecting possible pathways and seeing

connections within the curriculum component of the framework.

The findings of the study showed that participants’ PCK seemed to be dominated by
the use of direct instruction and related actions most of the time. This practice led to
others such as lack of planning and not considering students’ misconceptions.
Although representations of concepts were crucial in mathematics classrooms and
understanding mathematical concepts (Akkus-Cikla, 2004; Ball, 1990; Kurt, 2006),
teachers preferred to use direct instruction in the present study. Thus, the findings
revealed that the reason for participants’ limited usage about models could be their
choice or their PCK. They did not generally plan problem solving more than it was
suggested in the curriculum. However, where there were different solutions to the
problems and the questions, they valued these different solutions and provided

students with the opportunity to present them to the rest of the class.
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5.2 Middle School Mathematics Teachers’ Beliefs

The second research question focused on participants’ beliefs and in previous
chapters teachers’ beliefs were explained both separately and together. Beliefs
influence individuals’ decisions and are they are one of the most important indicators
of individuals’ decisions (Goldin et al., 2009). Teachers may use their beliefs as a
filter and a guide to make their decisions (Handal, 2003; Fives & Buehl, 2012). It was
seen that most of the participating teachers believed that direct instruction was
effective in teaching, or they believed that it was the best option for teaching in
crowded classrooms and keeping up with curriculum. Teachers in this study also
believed that effective teaching provided analytical thinking and adaptability to daily
life. In line with this, they prioritized concretization and visualization because they
believed that these could help students’ understanding and increase their attention.
Most of the participants believed that every student could learn mathematics and if
they were willing to learn, then they could learn. Yet, for some of them not every
student needed to learn mathematics very well. In order to understand whether
students learned or not, they believed that different types of questions in exams
should be used. Drageset (2010) asserted that teachers held some beliefs which were
more strongly held than others and they were harder to change. In the current study,
almost all participants stated that they did not change their teaching method when the
class level was different, but they tried to change the level of questions. This might
indicate that teachers’ beliefs about the effectiveness of the direct instruction method
was rather strong. On the other hand, part of teachers’ beliefs was specific to rational
numbers content. It could be speculated that beliefs about mathematics was not
affected by the topic, but if the content would change, teachers’ beliefs could change
too. For instance, “Beliefs about mathematics teaching ” and “Beliefs about students
and their learning” aspects are likely to depend on the content. Findings from these
aspects could vary by contents, such as geometry or statistics.

Another common point was participants’ beliefs about the most important,
fundamental topics in the middle school mathematics curriculum; whole numbers,

equations, algebra, rational numbers and fractions because these contents were
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connected to future contents. Moreover, for skills they stated that problem solving

and four operations skills were important.

5.3 The Interaction between Beliefs and PCK for Mathematics Teachers

Teachers’ beliefs are important and have an impact on their knowledge (Ernest, 1989;
Fennema & Franke, 1992). In present study, it was seen that there was evidence for
the interaction between middle school mathematics teachers’ beliefs and their PCK
regarding rational numbers, contributing to the proposals for this interaction in the
literature (Hofer & Pintrich, 1997). Findings also confirmed that beliefs and
knowledge should be considered connected and as elements that strengthen each
other (Drageset, 2010) when exploring them. Although our findings might suggest a
one-way effect from beliefs to knowledge dimensions explored in the study except
for Mathematical Curricular Knowledge component, the direction of the effect
remains to be further investigated. National curriculum was determined by Ministry
of National Education and it was implemented in all schools. Thus, participants did
not have to think about the curriculum, but they thought about the key ideas of it. It
means that teachers could learn about middle school curriculum in their
undergraduate education or in their first years of the teaching profession. Therefore,
establishing appropriate learning goals and knowledge of mathematics curriculum
components did not vary by teachers. Besides, thanks to particular middle school
mathematics curriculum, beliefs about mathematics teaching and students learning
interact pre-active and interactive dimensions of MPCK framework. On the other
hand, participants can determine importance of topics based on their beliefs and
experiences. Thus, their beliefs seemed to affect the selection of fundamental contents

in rational numbers curriculum.

Teachers who have more traditional beliefs tended to employ more traditional
practices (Stipek, Givvin, Salmon, & MacGyvers, 2001). Their beliefs and their
knowledge have a relationship in terms of teaching and structuring the content
(Turner, Christensen, & Meyer, 2009; Walshaw, 2012). In the present study, there
was involved in an interaction between planning and enacting for mathematics

teaching and learning component and beliefs. Participants selected and employed
124



teaching methods in line with what they believed. The findings of the study might
indicate that beliefs could be affecting teachers’ practices through guiding them for
what knowledge they would use in planning their lessons and teaching those lessons.
T1 used discussion method, and others used direct instruction method. Visualization
and concretization were also added to some parts of their lesson. T6 had a geogebra
training, but he did not apply it because he believed that it was not appropriate for his
students. T2 believed that technology was not effective in crowded classrooms and
she gave up using it. Bray (2011) expressed that teachers’ beliefs had a considerable
role in their intentions about conceptual understanding. In the present study, teachers
believed that ineffective teaching was one of the reasons for students’
misunderstandings or misconceptions. T2 and T6 believed that students’ mind could
be confused by proofs and they did not choose to explain these to the students. These
findings illustrated that teachers’ beliefs filtered what kind of knowledge they would
teach and how they would teach it. They also contribute to the findings in the
literature that teachers’ beliefs influence their practice (Chai, 2010; Cross, 2009;
Richardson, 1996; Stipek et al., 2001; Torff, 2005; Wilkins, 2008; Wilson & Cooney
2002).

Teachers’ PCK also has an importance in shaping teachers’ beliefs and their decisions
in mathematics teaching (An, Kulm, Wu, Ma & Wang, 2002). In the current study,
there were evidences of this interaction between participant teachers’ beliefs about
mathematics teaching and interactive dimension of MPCK framework. The findings
of the present study were particular to the rational numbers content. The interaction
between PCK and mathematics related beliefs may change based on different topics.
Yet, the findings have the potential to inform other content. Handal (2003) also
expressed that teachers’ mathematical beliefs were mostly a result of their learning
experiences and reproduced in their classroom teaching. When T1 saw the vignette
questions, she evaluated them in terms of their potential for students’ learning (using
her PCK) and used them in the 6™ and 7" grade classrooms. Moreover, when she
learned about discussion method in a graduate course, she changed her teaching to
include the discussion method, she saw the positive results, and then she employed
discussion method in her further lessons. This illustrated that even when teachers
have short-duration experiences with a specific teaching idea, they may adopt this
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idea when they question their beliefs and practices, and develop new beliefs in line

with the new experiences.

5.4 Limitations, Implications and Recommendations

The current study focused on the possible interaction between the middle school
mathematics teachers’ beliefs and their PCK regarding rational numbers. In line with
this aim, six middle school mathematics teachers’ beliefs and their PCK were
explored via interviews and observations process. This study provided insight on how
middle school mathematics teachers’ beliefs interacted their PCK. However, there

are a number of limitations.

The current study is a qualitative research study and it did not aim to generalize the
findings. All participant teachers worked on public schools. It could be beneficial to
see the findings when the participant teachers are chosen from private schools where
the class sizes are low and technological facilities are generally better. Besides, Six
teachers’ beliefs and PCK was explored in the current study. Even if findings showed
an interaction between beliefs and PCK, it might be beneficial to examine more
teachers to have a better understanding of that interaction. For instance, Simmons et
al. (1999) mentioned that the first years of teaching are important for beginning
teachers’ beliefs because novice teachers can adapt classroom experiences and
culture of their school in the first years, and their beliefs are shaped in these years.
Therefore, studying with novice teachers could show different perspectives about that
interaction. Participants self reported data were taken in the present study, especially
in two interviews, with the assumption that they expressed their honest ideas.
Interviews could not be conducted by the teachers right after the observed lessons to
clarify their teaching. These were the limitations of this study which should be taken

into consideration in further studies.

In this study, rational numbers concept was explored to understand the interaction
between participant teachers’ beliefs and PCK. As mentioned above, findings of
mathematics related beliefs and PCK were based on rational numbers content.

Different content may result in different findings. Therefore, other topics such as
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whole numbers, algebra, and geometry might be useful in order to have a better
understanding of that interaction. Moreover, if other subject areas are explored as
well, it can be possible to compare different subjects in terms of the interaction
between beliefs and PCK. On the other hand, the future research can focus on other
aspects, such as administrators, environmental factors, or longitudinal studies from
the participants’ undergraduate education until their first few years, to provide a

comprehensive picture of their beliefs, PCK and the interaction between the two.

Mathematics teacher educators can take into consideration the interaction between
the preservice teachers’ beliefs and their knowledge to improve the teacher training
programs. They can design their methods courses to address both beliefs and
knowledge in order to support each other to lead to effective mathematics teaching
and learning. These courses can focus more on how to use representations, models,
and different instructional methods and tools in crowded classrooms and how
teachers’ knowledge (and beliefs) can provide better learning opportunities for
students. Similarly, when in-service mathematics teacher training programs can be
developed, their beliefs and PCK should be considered together. As it was seen in the
findings, changing teachers’ practice is related to understanding and changing

teachers’ beliefs as well as improving their PCK in relation to their beliefs.

| believe that the entire study process contributed me as an early career researcher
and to other mathematics researchers. Before starting the present study, | realized that
there is no simple answer about how teachers’ beliefs interacted with their PCK. This
connection seems to be complicated because understanding and interpreting teachers’
beliefs is difficult and indicators of PCK are not easy to identify. Furthermore,
teachers’ beliefs and PCK can change based on the context or topic. All mathematics
teachers also have different life histories and have different professional needs to
develop beliefs and PCK. Thus, the present study has only took a snapshot of a
specific part of their beliefs and PCK.
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APPENDICES

A. FIRST INTERVIEW QUESTIONS

What is your name?

How many years have you been teaching?

How many years have you been teaching in the current school?

Which department have you graduated from?

Do you describe in your classroom environment? (How many students?, What are
their level?, school neighborhood?, what are their family characteristics? Etc.)

Which grade do you teach predominantly in your teaching profession?

1. What does it mean to know mathematics?
2. Which knowledge and skill should have effective mathematics teacher?
e (If say mathematics knowledge, pedagogical knowledge) How
should be? Could you describe that?
e What are their roles in effective mathematics teaching?
3. What do students gain thanks to the effective mathematics teaching?
4. What is your purpose when you are teaching?
e Do you think that you reach your purposes? / or how much do you
reach your purposes?
e (If participant reach some part) What is the reason for not reaching
all part?
5. Which teaching methods are efficient in mathematics teaching? Why? Do
you use this method?
e Are there any teaching methods that you used, but gave up using it?
Why?
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10.

11.

12.

13.
14.
15.

16.
17.

18.
19.

What do you think about the strengths and weaknesses of the mathematics
curriculum? If you are doing the mathematics curriculum, is there anything
you add or remove to the current curriculum?

What are the factors which influence your mathematics teaching? Is there
anything you want to do in mathematics teaching, but you cannot? If yes,
what are these things?

How do you feel when you are teaching, learning and engaging in
mathematics?

Are there any pressures or supports that affect your teaching? (such as
students, parents, school administrators)

When middle school curriculum is considered, is there any concept or topic
that is the most important, fundamental or central in the curriculum?

e Why are these important, fundamental or central? (If students are
mentioned; What will students gain after learning these concepts or
topics?)

When middle school curriculum is considered, is there any skill that is the
most important, fundamental or central in the curriculum?

e Why are these important, fundamental or central?

Can students learn mathematics without teacher? (If yes,) How?

What does a “mathematical problem” imply for you?
What is your understanding about mathematical procedure?
What is the importance of problem solving in mathematics? What is gained
to students?
How do you know that one of your students has understood a problem?
Do you have problem solving activities? (If yes)
e How do you follow a route in these activities in class?
e What are you doing when different solutions are occurring more than
your solutions?
How much time do you reserve the problem solving activities?
Last thing, what would you want me to ask in this interview, that is
important to you, but I did not ask? (If any, why is this question important to

you?)
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B. SECOND INTERVIEW QUESTIONS

What are you using for a source in lessons? (Supplementary source?)
Do you make a lesson plan before your lessons?

o (If yes,) Do you use additional resources? (books, printed paper, etc)

(If yes,) What are those resources?

Which topic do students understand better? Why do they understand this
topic better?
Which topic do students have difficulty to understand?

o Why do they have difficulty?

o What are doing about this situation?
When a topic that is understood and a topic that is not understood are
compared, which specifications are appeared?

How do you understand that students learned a concept or a topic?

How do you teach fractions? /) How?
o (If demonstration) Which demonstration do you use?
o (If using material) Which material do you use?
= Why do you choose this material?
= How do you use it?
o (If link to other subjects) Which subject/s do you link for teaching?
o (If link to real life) How do you link it?
o When you teach it, your students do not understand. What are you
doing?
Do your students have difficulty in understanding any case/concept about
fractions? (If yes,) What is that?
o What can be resource of these difficulties?

o What are you doing to overcome these difficulties? (How?)

147



Which questions do you ask your students during the lessons in order to
determine whether they understood fractions or not? Why?

o Which questions do you ask in exam?
Which measurement and assessment instruments/methods do you use to
assess students’ knowledge about fractions? Why do you choose this
instrument/method?
How do you teach rational numbers?

o (If say same as fractions) What are doing as distinct from fractions’

teaching?
o (If using material) Which material do you use?
= Why do you choose this material?
= How do you use it?

o (If link to other subjects) Which subject/s do you link for teaching?

o (If link to real life) How do you link it?

o When you teach it, your students do not understand. What are you

doing?

Do your students have difficulty in understanding any case/concept about
rational numbers? (If yes,) What is that?

o What can be resource of these difficulties?

o What are you doing to overcome these difficulties? (How?)
Which questions do you ask your students during the lessons in order to
determine whether they understood rational numbers or not? Why?

o Which questions do you ask in exam?
Which measurement and assessment instruments/methods do you use to
assess students’ knowledge about rational numbers? Why do you choose this

instrument/method?

What do you think about your ideal class? Can you define it?

Do you think that you are teaching ideal class?

(If it is not ideal class) Let's suppose that you have an ideal class, How do
you teach fractions and rational numbers? Same as now or different? (Ask

other questions)
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e (If have not mentioned about material) You have not mentioned about

material. What do you think for using material?

C. VIGNETTE QUESTIONS

3 3
1. Ateacher was writing operations of 5 x ToVe 5+ Toon the blackboard during

the teaching operations of fractions, and found the results respectively

smaller than five and bigger than five. A number of students warned the

teacher that s/he confused the results and wrote wrong place.

a)
b)
c)

d)

What is the students’ misconceptions that caused this situation?
What is the possible sources of this misconception?
If you encounter with the same situation, what will you do to fix their

misconceptions? If you have one lesson, how route will you follow?
. 3 3 .
Can you draw a visual model of 5 x To and 5 + To operations to help

student understanding?

P

A

A pizzasi

B pizzasi
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A teacher asks to students: “You are hungry and want to eat pizza. Do you choose
a half of the pizza A or a third of the pizza B? Which pizza do you select if you want
to eat more pizza?

A part of students selected pizza A and other part of students selected pizza B.

a) Which reasoning did students make when they selected pizza A?

b) Which reasoning did students make when they selected pizza B?

¢) Insuch a question, after taking responses and reasons from students, how
route will you follow?

3. A grade 6 mathematics teacher asked the following four story problems;

Problem 1: Merve, Ahmet and Tugce had started to read Atatlirk’s book, name

2 4
is Nutuk. In 3 weeks, Merve read 3 of the book, Ahmet read P of the

book and Tugce read g of the book. Who did read the most of the
book?

Problem 2: A runner can run a specific distance in 22—1 seconds. How many does
s/he run this distance in 12 seconds?

Problem 3: A swimmer jumped into the pool from a height of 3% meters and

.5 . .
dived 5 Mmeters deep. How many meters is the distance between

the point where the swimmer jumped and the deepest point s/he
reached?

1
Problem 4: In physical education lesson, P of the students in the class play

3
basketball, P of them play football, and the rest play volleyball.

According to this, how many students are play football more than
play basketball?

After the teacher asked questions, s/he noticed that two of the problems were
more difficult for students than the other two.

a) What are the two problems that the teacher describes as difficult?

b) Explain the reasons why these 2 problems are more difficult than
others.
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4. The answers given by a 6! grade student to the 3 questions in the exam are

shown below.

3
a) Show the = on the following number line .

<& |
. T

|
’ 1
0 2 [2)] & 5

»
>

7
b) Show the 2 on the following number line.

1
1
4

7 F\ 7T/ 7 } 5 e

v

€)  What is the fraction that should replace the A shape on the following number line?

<} 1 1 1 1
! T L 1

0 1

a) Inyour opinion, what could be the reasons why this student answered

the questions incorrectly?

b) If you encounter this situation, what do you do to correct the student's

mistake? If you have one lesson, how route will you follow?

() (b) ©)

(d)

()

The teacher who drew the above figures on the board asked which ones could

1
be a model for " When the answers were different from the students, the

teacher grouped these answers and these results emerged:
Students in the first group selected (a), (d) and (e) models,

in the second group selected (a) and (e) models,

in the third group selected (a), (b), (c) and (d) models.
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a) In your opinion, what kind of logic did these students make when deciding
on models?

b) What could be the source of the mistakes of the students who made the
wrong choice?

¢) What do you do to correct the mistake of students who make a wrong
choice?

6. While a teacher was teaching the subject of multiplication in fractions, he said
“We multiply the numerator of the first fraction by the numerator of the second

fraction and multiply the denominator of the first fraction by the denominator

a C aXxc
of the second fraction”, and wrote 5 X 2 = bxd on the blackboard. One of

the students wanted to speak and asked “Why don't we do it in addition and

a
subtraction? We equalize the denominator. Should not we express them as s +

c _atc
d  b+d

a Cc
and — — —

b a b—d
If you encounter this situation, what is your explanation to the students? How

route will you follow when you making this explanation?

7. While the teacher explained the division in fractions, one of the students
claimed that the division can be done like multiplication in fractions and gave

the following example:

5 1 5+1

12 "3 12 =3

IR

If you encounter this situation, what is your explanation to the student? How

route will you follow when you making this explanation?
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8. During the lesson, one of the students claimed that distributive property can

also be used in division of fractios and gave the following example:

If you encounter this situation, would you accept the student's explanation?
Explain the reasons. If you do not agree, what is your explanation to the

student? How route will you follow when you making this explanation?
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F. TURKISH SUMMARY / TURKCE OZET

ORTAOKUL MATEMATIK OGRETMENLERININ RASYONEL SAYILAR
VE KESIiRLER KONUSUNDAKI INANISLARI iLE PEDAGOJIK ALAN
BILGILERI ARASINDAKI ETKILESIMI

1. GIRIS

Matematik 6gretimi karmasik bir eylemdir ve farkli bilgi tiirlerine sahip iyi yetismis,
nitelikli 6gretmenlere ihtiyag duyar (The National Council of Teachers of
Mathematics [NCTM], 2000). Nitelikli 6gretmenler sadece konuyu degil, ayni
zamanda 6grencilerin daha etkili 6grenmelerine yardimci olmak i¢in derslerini nasil
organize edeceklerini ve dgreteceklerini de bilirler (Berry, 2002). Ogretmenlerin
konuyu 6gretimlerinde anlama ve kullanma yetenekleri, 6grencilerin basarisinda da
onemli bir konudur (Ball, 1990a; Ma, 1999; Shulman, 1987). Ayrica 6grencilerinin
nasil ve neden Ogrendiklerini de bilmelidirler. Bu nedenle, d6gretmenlerin bilgisi,

ogrencilerin 6grenmesini olusturmak ve gelistirmek i¢in 6nemlidir (NCTM, 2000).

Matematik 6gretmenlerinin inaniglarinin 6gretimleri tizerinde giiglii bir etkisi vardir
(Ernest, 1989) ve bunlar “6gretmenlerin ne yaptiklarinin ve neden yaptiklarinin kritik
oneme sahip belirleyicileridir” (Schoenfeld, 1998, p. 2). Bu nedenle, 6gretmenlerin
bilgi ve inanislari, kararlarini, sinifta ogretilen ve 6grenilenleri etkiler. Bitun bu
bilgiler 151¢inda su sorular akla geliyor: Ogretmenlerin inamslari, pedagojik alan
bilgilerini (PAB) gelisirken nasil etkiler?, Diger bir deyisle, 6gretmenlerin bilgileri

ve inaniglar1 6gretim sirasinda birbirlerini nasil etkiler?

Arastirmacilarin 6nemli bir kism1 6gretmenlerin bilgi tiirleri iizerinde ¢alismalarina
ve bir¢ok calismada Ogretmenlerin inaniglarinin, diisiince ve davraniglarini nasil
etkilediklerini aragtirmalarina ragmen bu iki yap:r arasindaki iligki pek

incelenmemistir. Ogretmen adaylariyla yapilan iki ¢alisma bilgi ve inanis arasinda
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iliskinin 6gretmen davraniglarimi anlamada onemli bir faktér oldugunu ortaya
koymustur (Blomeke, Buchholtz, Suhl, & Kaiser, 2014; Charalambous, 2015). Ancak
inanis ve bilginin 6zellikle 6gretmenlerde nasil etkilesime girdigi detayl bir sekilde
ortaya tam olarak koyulmamistir. Dolayisiyla bu c¢alismanin amaci ortaokul
matematik 6gretmenlerinin PAB’lerini, matematikle ilgili inanislarini ve bu iki yapi

arasinda olabilecek etkilesimi aragtirmaktir.

Alanyazin incelendiginde PAB Ogretmenlerin sahip olmasi gereken bilgi olarak
oncelikle Shulman’in (1986) c¢alismasinda ve daha sonra diger arastirmacilarin
caligmalarinda yer edinmistir. Shulman (1987) PAB’yi Ogretmenlerin  ne
Ogreteceklerinin bilgisi ile 6gretim ile ilgili bilgilerinin karisimiyla ortaya g¢ikan
ogretmen bilgisi olarak ifade etmistir. Shulmandan sonra birgok arastirmact hem
ogretmenlerin sahip olmasi gereken genel bilgi, hemde 6zel alanlarda (matematik,
fizik, ingilizce) Ogretmenlerin sahip olmasi gereken bilgiler iizerine g¢alismalar
yapmiglardir. Matematik alani agisindan adindan en ¢ok s6z edilen ve kendisinden
sonra en ¢ok kullanilan ¢aligmalardan birisi de Ball ve arkadaglarinin 2008 yilinda
yaptig1 calismadir. Bu g¢alismaya kadar birgok arastirmaci PAB’yi genel agidan
incelerken belirli bir alan iizerinde yogunlagmis ¢alismalar az sayidaydi. Ancak Ball
ve arkadaslar1 (2008) PAB’yi incelerken matematik Ogretmenlerinin matematik
bilgileri acisindan incelemislerdir ve iki alt boyutta oldugunu belirtmislerdir; Konu
Bilgisi (SMK) ve Pedagojik Alan Bilgisi (PAB). PAB ise Ball ve arkadaslarinin
modelinde (2008) li¢c boyuta ayrilmistir; (a) igerik ve 6grenciler bilgisi (KCS), (b)
Icerik ve Ogretim Bilgisi (KCT), and (c) Igerik ve Miifredat Bilgisi (KCC). Bu
modelle birlikte Ball ve arkadaglari (2008) ogretim i¢in matematik bilgisinin
derinlemesine bir analizini saglamislardir ve matematik egitimi igin yeni bir soluk
getirmislerdir. Birgok arastirmaci bu modeli baslangi¢c noktalar1 olarak kabul edip,
matematik ogretmenlerinin ya da 6gretmenlerin matematik egitimlerinin gelisimini

arastirmislar ve modeli kullanmislar.

Ancak yapilan ¢alismalarin ¢cogunda, Ball ve arkadaslarinin (2008) yaptigi calismada
ve sonrasi da dahil olmak {izere, 6gretmenlerin inanislart géz oniine alinmamustir.
Dolayisiyla 6gretmenlerin 6gretirken kullandiklar1 bilgi ile inamiglar arasindaki

etkilesimi de ¢alismalarda pek yer almamistir. Diger taraftan 6gretim i¢in matematik
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bilgisinin nasil kategorize edilecegi konusunda da alanyazinda tartismali bir durum
mevcuttur (Even ve Loewenberg Ball, 2009). Bu durumu degerlendiren farkli
iilkelerden arastirmacilar uluslararasi arastirmalarla 6gretmen egitimi ve matematik
Ogretimini incelemeye yoOnelmistir. Bu ¢alismalardan bir tanesi de Matematikte
Ogretmen Egitimi Calismas1 (TEDS-M) toplulugunun 17 iilkede yapmis olduklari
calismadir. TEDS-M ¢alismasinna baktigimizda; matematik 0gretmen yetigtirme
programlari ¢iktilart ile 6gretmen yetistirme politikalar1 ve, kurumsal uygulamalari
arasindaki iliskileri incelemek, iilkelerin &gretmen yetistirme programlarini
incelemek ve karsilastirmak seklinde ¢esitli amaglart mevcuttur. Milakatlar ve
anketler kullanilarak yaklasik 15000 ilkokul ve 9000 ortaokul 6gretmen adayina ve
5000’e yakin dgretmen egitmenine ulasilmis ve katilimcilarin matematik bilgileri,
matematik pedagojik alan bilgileri ve, matematik 6gretimi ve 6grenimi hakkindaki

inaniglar1 incelenmistir (Tatto, 2013).

Arastirmacilar, TEDS-M c¢alismasinin araglarint ve degerlendirme ¢ercevesini iki
boyutta gelistirmiglerdir: matematik alan bilgisi (MCK) ve matematik pedagojik alan
bilgisi (MPCK) (Tatto, 2013). MCK ii¢ alandan olusur; igerik (sayilar ve islemler,
geometri ve 6lgcme, cebir ve fonksiyonlar, veri ve olasilik), bilissel alan (bilme,
uygulama, akil yiiriitme) ve miifredat diizeyi (acemi, orta, ileri diizey). MPCK
cercevesi de 3 temel kisimdan olusur; “Matematik Miifredat Bilgisi”, “Matematik
Ogretimi ve Ogrenimi I¢in Planlama Bilgisi (Preaktif)”, “Ogretme ve Ogrenme I¢in
Matematik Kullanma (Etkilesimli)” (Tatto, 2013). MPCK yapisinin igerisinde yer
alan alt boyutlar 6gretmenlerin davraniglarini tanimlar ve bilginin dogasini igerir.
“Matematik Miifredat Bilgisi” boyutu Ogretmenin miifredat, 6grenme amaglari,
degerlendirme c¢esitleri bilgileri, miifredattaki temel kavramlar1 ve bunlarin
baglantilar1 hakkindaki bilgileri igerir. ikinci boyut olan “Matematik Ogretimi ve
Ogrenimi I¢in Planlama Bilgisi (Preaktif)” boyutunda ise dgretmenin matematik
ogretme ve 6grenmesini planlama bilgisi, hazirlik calismalari ile ilgili bilgileri, uygun
Ogretim, ve degerlendirme yontemi se¢me bilgileri, 6grencinin verebilecekleri
cevaplart ve kavram yanilgilarini tahmin etme bilgileri yer alir. Son boyutu olan
“Ogretme ve Ogrenme Igin Matematik Kullanma (Etkilesimli)” boyutunda ise
ogretmenlerin ders sirasindaki davranislar: bulunmaktadir. Ornegin, 6grencilerinin

cevaplarini ve kavram yanilgilarini analiz etme, matematiksel kavramlari agiklama,
161



sorular olusturma ve geri doniit verme bu boyutta yer almaktadir (Tatto, 2013).
TEDS-M c¢alismasinda kullanilan gerceve, MPCK, genis ve kapsamli bir ¢calismaya
dayali olarak daha spesifik ve genis bir boyut ve alt boyut yelpazesi sunar (Tatto,
2013). MPCK’in boyutlarinin ve alt boyutlarinin tanimlari ve igerikleri bu ¢alismanin
amaclariyla ortiismektedir. Bu sebeple bu c¢alismada oOzellikle Ogretmenlerin

PAB’isini ortaya koymak i¢in MPCK c¢ercevesi kullanilmistir.

TEDS-M, PAB ve inanislar1 birlikte incelemis ve PAB’yi kavramsallagmistir.
Inanislar bes alanda incelenmistir; matematigin dogasi, matematik &grenimi,
matematik basarisi, matematik dgretimi i¢in hazirlik ve program etkinligi. Inamislari
6lgcmek icin kullanilan 6lgek MPCK ¢ergevesinin alt boyutlariyla uyumlu olmasina
ragmen genis bir yelpazede matematik igerigini incelemistir (Tatto, 2013). Ancak bu
calismada belirli bir icerik kullanildigi i¢in inanis 6lcegi direk kullanilmamais, yari

yapilandirilmis miilakatlar hazirlanirken bir rehber olarak g6z dniine alinmistir.

PAB’deki A, yani alan bilgisi, i¢in bu ¢alisma rasyonel sayilar ve kesirler konusuyla
simirlandirilmistir ve karisiklik olmamasi acisindan hepsine rasyonel sayilar
denilmistir. 1970’lerden bu yana bircok arastirmaci rasyonel sayilar konusunu
aragtirmistir. Rasyonel sayilardaki en temel tanimlama Kieren’in (1976; 1980)
yaptig1 caligmalar neticesinde ortaya konmus ve birgok agidan incelenmistir.
Rasyonel sayilar, bir say1 dogrusundaki tiim sayilardan olusan gergek sayilardir ve
alan yazinda yapilan ¢aligmalar incelendiginde, rasyonel sayilar1 6gretme ve 6grenme
konusundaki zorluklarin basinda rasyonel sayilarin yapilarmin karmagsik olmasi
gelmektedir. Ayn1 zamanda Kkesirlerin 6gretimi tam sayilarin 6gretiminden daha
karmasik ve zordur (Cramer, Post, ve delMas, 2002; Mack, 2001; Miller, 2005).
Ogrenciler okul dis1 ortamlarda tam sayilar1 daha ¢ok kullanirken rasyonel sayilart
kullanmak i¢in giinliik hayatta daha az firsatlar1 olmaktadir. Bu durum, 6grencilerin
rasyonel sayilar1 igsellestirmelerini zorlastirmaktadir. Dehaene’e (1997) gore de
ogrencilerin beyinleri kesirler kavramina kars1 bir direng gosterme egilimindedirler
cunkdi kesirler daha dnce var olan dogal sayilar bilgilerine benzememektedir. Miller’a
(2005) gore ise rasyonel sayilarin yorumlarindaki yetersizlik egitim ve Ogretim
siirecinin de yetersiz olmasina sebep olmaktadir. Yapilan arastirmalara gore

Ogretmenler simifa genellikle prosediir bilgisiyle geldikleri i¢in ve bu durum da
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kavram yanilgilarina sebep olabilecegi icin (Ball, 1990; Ma, 1999; Tirosh, 2000)
ogretmenler ve bilgileri rasyonel sayilarin 6gretimi siirecinde ¢ok 6nemli bir aktor
konumundadir. Kesirler ve rasyonel sayilar ortaokul miifredatinin iki 6nemli ve temel
kavramlarindandir. Ornegin oran, oranti ve denklik gibi kesitler ve ondalik
sayilardaki konular cebir, geometri, istatistik ve bircok matematik konular1 i¢in ¢ok
onemli ve zaruridir (Dopico, 2017; Kieren, 1993). Bu bilgiler 1s1ginda bu ¢aligmada

ogretmenlerin inanislari ile PAB’leri rasyonel sayilar konusu agisindan incelenmistir.

Arastirma Sorulari:

Bu ¢alismada su i¢ soruya cevap aranmaktadir:

1. Ortaokul matematik 6gretmenlerinin rasyonel sayilar konusundaki PAB’lerinin
dogasi nedir?

2. Ortaokul matematik 6gretmenlerinin rasyonel sayilar konusundaki matematikle
iligkili inaniglarinin dogasi nedir?

3. Ortaokul matematik 6gretmenlerinin matematikle iligkili inaniglar1 ile rasyonel

sayilar konusundaki PAB’leri arasindaki etkilesim nedir?

2. YONTEM

2.1. Arastirma Deseni

Bu calismada yer alan arastirma sorularina yanit verebilmek icin nitel arastirma
yontemi kullanilmistir. Creswell’e (2009) gore nitel ¢alisma arastirmaci tarafindan
dogal ortamda ve katilimcilarla yiizyiize olacak sekilde yapilmaktadir. Ayni1 zamanda
mulakat, gozlem, dokiiman gibi bircok veri kaynaklar1 kullanilabilir ve katilimcilarin
davranislar1 ve goriisleri hakkinda kapsamli temalar belirlemek icin tlimevarimsal
veri analizi yapilir (Creswell, 2009). Elde edilen verileri yorumlamak igin de teorik
bir bakis acis1 veya teorilerin kombinasyonu kullanilabilir (Merriam, 1999). Bu
caligmada da MPCK cercevesinde 6gretmenlerin PAB’leri ve inaniglar1 agiklanmaya
caligilmistir. Arastirmaci ayni zamanda problem veya konu hakkinda biitiinciil bir
resim olusturmaya ¢alisir (Creswell, 2009). Bu ¢alismada da arastirmacinin odagi
ogretmenlerin  PAB’sinin ve matematiksel inaniglarinin ne oldugunu ortaya

koymaktir. Merriam’in (2009) soyledigi gibi ¢aligmada gozlem sirasinda siirece
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mudahale etmeden 6gretmenin 6gretimini nasil yaptigini anlamaya ¢alismistir. Diger
bir taraftan nitel arastirmalarda bir olgu ya da bir olay, durumla ilgili betimsel bir
iiriin ortaya koyulur. Bu ¢alismada da aragtirmaci yaziya dokiilen goriigsmeleri, belirli
senaryo durumlarini, ve ders gozlem notlarini 6gretmenlerin bilgi ve inaniglarini

detayl bir sekilde tanimlamak i¢in kullanmislardir.

Nitel arastirma deseninin yaklagimlarindan biri de durum ¢aligmasidir. Yin’e (2003)
gore “nigin” ve “nasil” sorularia cevap verebilmek i¢in durum caligmalar1 kullanilir.
Merriam’da (2009) belirli bir nedeni arastirmak ve daha iyi anlamak i¢in durum
calismasinda bir fenomen, bir program veya bir kisi se¢ilmesi gerektigini sdylemistir.
Creswell’de (2007) durum g¢aligmasinda arastirmaci farkli kaynaklardan detayli ve
derinlemesine detayli veriler topladigi ve temalandirarak durum veya durumlari rapor
ettigini belirtmistir. Bu calismada arastirilan PAB ve inaniglar1 detaylandirmak icin

durum calisma secilmistir.

2.2. Katihmcilar

Bu ¢aligmada katilime1 olarak Ankara iline bagli devlet okulunda ¢alisan alt1 ortaokul
matematik 6gretmeni ile ¢aligilmistir. Aragtirmact bu 6gretmenleri segerken uygun
ornekleme yontemini kullanmustir. Ug tane kriter goz Oniine almarak dgretmenler
belirlenmeye ¢alisilmustir. Ilk olarak dgretmenlerin en az 5 yillik deneyim sahibi
olmasi goz oniine alinmistir ¢link{i deneyimli 6gretmenlerin inanis ve PAB’lerinin
daha iyi yerlesmis olduklar1 ve daha iyi ifade edecekleri diisiiniilmiistiir. Ikinci olarak
Ogretmenlerin uygunlugu 6nemlidir ¢iinkii bu ¢alisma rasyonel sayilar veya kesirler
linitesi boyunca devam edecegi i¢in uzun bir siire¢ gerektirmektedir. Ayn1 zamanda
ogretmenlerin derslerinin olas1 {ist iiste veya pespese gelmesi durumunda okulun
fiziksel olarak yakin ve merkezde olmasi da gerekmektedir. Uciincii olarak
Ogretmenlerin bu ¢alismada yer almaya goniillii olmast da bir etken olmustur. Bu
sartlar1 saglayan 6 ortaokul Ogretmeni g¢alismaya katilmayr kabul etmistir ve

katilimcilarin 6zellikleri Tablo 1 de goriilebilir.
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Tablo 1.

Calismadaki katilimcilar

Okul
Kati- . . et Cevresi ve Smiftaki
hma Cinsiyet Ogretmenlik ¢, o Egitim =50 000 Ogrencilerin
Deneyimi Seviyesi e e
No Egitim Seviyesi
Seviyesi
TL  Kadn  1lyl  6-7 Doktora Or@- ~ OrtalamaAlu-
Diisiik Iyt
T2  Kadin 8 yil 6 Yl.JkSEK Orta Ortalama
Lisans
T3 Kadin 8 yil 7 Lisans Dusiik Diusiik
Orta - .
T4  Kadin 10 y1l 7  Doktora Yiiksek Lyi
Yuksek - -
TS5 Kadin Syl 7 Lisans Cok Diistik Cok Diistik
T6  Erkek 10 y1l 7 Lisans Y iiksek Iyi

Not: Okul Cevresi ve Ailenin Egitim Seviyesi i¢in herhangi bir sayisal veri bulunmamaktadir. Bu
bolim katilimc1 &gretmenlerin tanimlamalariyla ve verdikleri subjektif bilgiler dogrultusunda
olusturulmustur.

Bu c¢alismada ayrica ana ¢alismadan ii¢ ay dnce iki 6gretmen ile pilot bir ¢caligma da
yapilmistir. Gorlisme protokollerinin ve ornek olaylarin netligi ve kapsamlilig1 da

kontrol edilmistir.

2.3. Veri Toplama Araclar: ve Analiz Slreci

Nitel arastirmalarda veriler genellikle gézlemler, miilakatlar, dokiimanlar ve sesli-
gorsel materyaller ile toplanir (Cresswell, 2007). PAB’nin ve inanislarin karmasik
yapisindan dolay1 bu olgular1 6lgmek zordur (Baxter and Lederman, 1999) ve tek bir
yoldan veri toplamak yetersiz veya eksik bilgi elde edilmesine sebep olabilir. Bu
yiizden ¢alismanin verileri ti¢ farkli aragla toplanmustir; (i) iki farkli zamanda
yapilmis yar1 yapilandirilmis goriismeler, (i1) daha 6nceden olusturulan 6rnek olaylar
ve (iii) katilimcilarin rasyonel sayilar ve/veya kesirler konusunu anlattiklar1 derslerin

gozlemleri.
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Egitim 6gretim donemi baglamadan 6nce yar1 yapilandirilmis gériismenin birincisi
yapilmistir. Bir hafta sonra ikincisi yapilmistir. Goriismeler ya da diger adiyla
miilakatlar insanlarin aklinda ne olduguna dair derin bir anlayis saglayabilir
(Creswell, 2012). Yar1 yapilandirilmis goriigme ise arastirmaciya esneklik saglar ve
katilimecinin cevabmi anlamak igin agiklama yapmasimi ve devam sorularinmi
sorabilmesini saglar. Bu sebeple bu c¢alismada da goriismeler, katilimcilarin
kendilerini rahat hissettigi bir ortamda birebir sekilde gerceklestirilmistir.
Goriismelerde yer alan biitiin sorular alanyazinda yer alan; Haser (2006), Isiksal
(2006) ve TEDS-M (2008), calismalar1 gdz Oniine alinarak hazirlanmustir. ilk
goriismede Ogretmenlerin  demografik bilgileri, deneyimleri, matematikle ve
mufredatla ilgili inaniglari, diistinceleri, goriisleri ve bunlari etkileyen faktorleri
ogrenmek igin hazirlanan sorular sorulmustur. Ikinci goriismede sorulan sorularla
katilimcilarin matematik ve rasyonel sayilar 6gretimi ve bununla ilgili goriisleri, ve
ideal sinifla ilgili diisiinceleri anlagilmaya g¢alisilmistir. Goriismelerden bir hafta
sonra da 8 adet Ornek olayla verilen yanitlari igeren veriler toplanmistir. Bu 6rnek
olaylar hazirlanirken alanyazinda yer alan ¢aligmalar, giincel miifredat ve ders kitab1
g6z Oniline almmis ve iki uzman tarafindan gecerliligi kontrol edilmistir. Ayrica
arastirmaci alti 6gretmenin derslerini rasyonel sayilar ve/veya kesirler Unitesi
boyunca gozlemistir ve gozlem notlar1 tutulmustur. Gozlemlerin amaci,
Ogretmenlerin bilgilerini, onlar1 nasil kullandiklarini, goriismelerde verdikleri
bilgilerin tutarli olup olmadigini, o6grencilerle etkilesimini ve smif ortamim

arastirmaktir.

Veri analizinde ilk olarak katilimci 6gretmenler ile yapilan goriismeler ve 6rnek olay
slirecinde 6gretmenlerin verdigi cevaplar yaziya dokiilmiistiir. Daha sonra bu veriler
arastirmaci tarafindan okunmus ve 6gretmenlerin derslerinden elde edilen gozlem
notlar1 ile birlikte MAXQDA programina aktarilmistir. Amag, biitlinciil bir bakis
acisini elde etmek ve birlikte analiz ederek yorumlamaktir. Verileri analiz ederken
anlamli oldugu diisiiniilen her climle, kelime veya diyalog analiz edilmis ve
kodlanmigtir. Kodlama igin 6zellikle PAB verilerinde TEDS-M ¢alismasindaki
MPCK modeli ve alt boyutlarin1 kullanilmis, inanis verilerini kodlarken ise hem
MPCK hem de alanyazin dogrultusunda arastirmaci tarafindan analiz edilmistir. Eger

herhangi bir model veya alt boyutlarina uymayan veri varsa acik kodlama yontemi
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ile kodlanmis ve kavramsal ¢er¢eve dogrultusunda kod kitapciginda yer almistir.
Sonraki siirecte veriler ile birlikte kod kitap¢igi da matematik egitimi alaninda
doktora derecesine sahip bir uzmana verilerek tartisilmigtir. Arastirma ve uzman
kullanilan kodlarin ve kavramsal ¢ergevenin uyumlu oldugu sonucuna varilmistir.
Kalan 6gretmenlerin goriismeleri hazirlanan kod kitapgigindan faydalanarak analiz

edilmistir.

3. BULGULAR

Bu ¢alismanin bulgulart aragtirma sorularina cevap verecek sekilde agiklanmistir.
Katilimer 6gretmenlerden elde edilen veriler biitiinciil olarak ele alimmistir ve
PAB’leri MPCK cercevesi icerisinde agiklanmustir. Inanglarla ilgili kisimda ise her
bir katiimciin inanislar1 incelendikten sonra ortak ve farkli olanlar belirlenip

olusturulan yap1 verilmistir.

Bulgular kisminda kullanilan kisaltmalarda ise “T” g¢aligmaya katilan 6gretmen
yanindaki say1 ise numarasmi belirtmektedir. Ornegin T2, 2 numarali 6gretmeni
belirtmektedir. “O” gozlem verisini, “I1” birinci gériismeden elde edilen veriyi, “I12”
ikinci goriismeden elde edilen verileri, “VQ” ise 6rnek olay sorularini ifade eder.
Ornegin, T4 12, 4 numarali 5gretmenin 2. gériismesini ifade ederken, T3 VQ5 ise 3

numarali 6gretmeninin 5. 6rnek olay sorusuna verdigi yaniti ifade etmektedir.

3.1. Ortaokul Matematik Ogretmenlerinin Rasyonel Sayilar Konusundaki

PAB’leri

3.1.1. Matematik Mufredat Bilgisi

MPCK c¢ergevesinin ilk alt boyutu olan miifredat bilgisi boyutunu olusturan ilk madde

olan “uygun ogrenme hedeflerinin belirlenmesi” maddesi ile ilgili veri katilimet

ogretmenlerden elde edilemedi. Diger madde olan “farkli degerlendirme formatlarin

bilmek” maddesinde biitin katilimcilardan hem goriismelerde hem de gozlem

verilerinde farkli degerlendirme formatlarini bildikleri ve kismen uyguladiklari

goraldu. “Olas: yollar: segme ve miifredat icindeki baglantilar: gorme” maddesinde
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ise 6gretmenlerin rasyonel sayilar konusunu anlatirken bir 6nceki konuyla ve/veya
eski bilgileriyle baglant1 kurduklari gériildi. Ornegin 6gretmenler konuyu anlatirken
tam sayilar konusuyla baglanti kurup 6zellikle negatif kismi igin eski konulari

hatirladilar.

“Ogrenme programlarinda temel fikirlerin belirlenmesi” maddesinde ise katilimc1
Ogretmenler cogunlukla matematik miifredatina odaklanip onun iizerinden anahtar
kavramlar1 belirttiler. Ornegin, T1 dersinde “...Her sene iistiine koyarak gidiyor.
Miifredatimiz sarmal yapida o yiizden bu sene anlamazsaniz seneye zorlanirsiniz.”
seklinde bir bilgi verdi ogrencilere. Katilimci &gretmenlerin rasyonel sayilar
konusundaki  “Matematik miifredati  bilgisi” maddesine baktigimizda ise
ogretmenlerin neler Ggreteceginin farkinda oldugu goriilmektedir. Milli Egitim
Bakanligi’nin hazirladigi miifredati anlatan kitabin i¢cinde kazanimlar, 6grenme
ciktilar1 ve 6gretime yardimci olmasi i¢in hazirlanan bazi 6rnekler yer aldigi icin
Ogretmenlerin bu konuda biitiin bilgilere erisimi kolay olmaktadir. Ayrica
Ogretmenler gorlismelerde parga-biitiin iligkisi, toplamanin anlami, tam-rasyonel
sayilar arasindaki iligki, negatif rasyonel sayilar ve iislii sayilar konularina vurgu
yaptilar. Ancak elde edilen verilerde Ggretmenlerin rasyonel sayilardaki islemler
konusunda yontemsel olarak bilgilerinin oldugu ama kavramsal olarak eksik
olduklar gériilmektedir. Ornegin, 6gretmenler rasyonel sayilardaki garpma ve bdlme
islerimini dogru bir sekilde yapmalarina ragmen bu islemlerin neden bu sekilde
oldugu konusunda eksikleri oldugu tespit edildi. Carpmayi tekrarli toplama olarak
belirtip model kullanarak  gosterebilirlerken  bélmeyi  model  kullanarak
goOsteremediler ve ders sirasinda agiklarken her zaman 2. sayiyi ters gevir-garp
kuralint kullanarak ve uygulayarak anlattilar. Sadece bir katilimc1 6gretmen 6rnek
olay kisminda goriismeden sonra ayr1 olarak bu konuda ugragmis ve ilgili sorunun
¢Ozlimiinii daha sonra aragtirmaciya ulastirmistir. Bunlarin yaninda 6gretmenler
miifredatta yer alan kazanimlarla ilgili problemlerle karsilastiginda, problemlerin
kesirler tinitesinde mi yoksa rasyonel sayilar tinitesinde mi oldugunu da kismen dogru

olarak belirleyebildiler.
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3.1.2. Matematik Ogretimi ve Ogrenimi i¢in Planlama Bilgisi (Preaktif)

Elde edilen verilere gore biitin katilimc1 6gretmenler derslerinde hem ders kitaplarini
hem de yardimci kaynaklar1 kullantyorlardi. T3 6zellikle en ¢ok yardimci kaynak
kullanan Ogretmendi. Sinifta akilli tahtaya Ogrencilere aldirdigi akilli defteri
yansitiyordu. T1 ise derslerinde morpakampis, mathplayground gibi interaktif
internet sitelerini kullanarak ogrencilerle etkinlik veya soru ¢oziimii yapiyordu.
Ogretmenler ayrica giinliik ders plan1 yapmadiklarimi ifade ettiler. Sebep olarak ise

kendilerinin deneyimli olduklarini ve gerek duymadiklarini belirttiler. Ornegin, T6,

belli siire sonra is seye biniyor yani otomatige biniyor yani. Hani ne
anlatacagini biliyorsun az ¢ok. Icerigine bakiyorsun kitabin. Hani ilk seneler
ben hazirlaniyordum da yani, derslere ama... artik belli bir siireden sonra ne
anlatacagim biliyorsun gocuklara (T6_11).

Sadece T2 herhangi bir yazili bir plan yazmadigini ama derse girmeden dnce konuyu

ve anlatacaklarini gdzden gegirdigini belirtti.

“Uygun etkinlikleri planlamak veya se¢mek” ile “Matematiksel fikirleri géstermek
icin uygun metotlar: planlama” boyutlarina bakmak igin katilimcilarin rasyonel
sayilar konusunu nasil 6grettikleri goriismelerde soruldu. Ogretmenlerin cevaplarina
gore T1, T2 ve T3 6g8retim yaparken somut materyalleri kullanmak isterken, TS ve
T6 giinliik yasam ornekleri (pasta, kagit katlama modeli, ekmek gibi) {izerinden
anlatmay1 disiinduler. T1 somut material kullandiktan sonra say1 dogrusuna gegis
yaptigin1 belirtti. Cilinkii T1’e gore “Cocuklar sayt dogrusunu iyi anladiklarini
diistintiyorum. Yani sey sayt dogrusunda gordiikleri zaman... kesri oradan da bolme
oldugunu ashnda anliyorlar. Yani kafalarinda daha da somutlastiriyorlar
diyebilirim” (T1 _12). T6 ise ekmek lizerinden 6rnek verdigini belirtti; “Ben genelde
ekmegi ¢ok kullaniyorum. Ekmekten iste ciinkii giinliik hayatta herkes pargaliyor,
dilimliyor, béliiyor yani. Boldiigii bisey o yiizden ekmek”. Ancak, T6 aslinda ekmegin
kesir 6rnegi vermek icin tam uymadigim farketmedi. T6 daha sonra diiz anlatimla
devam ettigini belirtti. T4’de benzer sekilde once kesir kartlartyla basladigint ve
sonraki asamalarda ise yaramadigi i¢in daha sonra diiz anlatimla devam ettigini
belirtti. T1 ve TS de negatif kisma gegmek i¢in sayr dogrusundan yararlandiklarini

sOylediler. T6 ve T3 ise negatif kisimda tam sayilarla rasyonel sayilar arasinda
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baglanti kurup aymi tam sayilar gibi diisiinmek seklinde konuyu anlattiklarini
belirttiler.

Diger bir madde olan “Kavram yanilgilart da dahil olmak iizere égrencilerin Klasik
yanitlarini tahmin etme” ile ilgili veriler incelendiginde T1, T3, ve T6 6grencilerin
pay ve paydanin anlamimi kavramakta zorlandigim belirttiler. Ozellikle toplama ve
cikarma yaparken payda esitlemenin mantiin1 anlama, ¢ok adimli islemler ve parga-
biitiin iliskisi kisminda eksikleri oldugunu ve bunlarin sebebinin kavramin tam olarak
anlasilmamasi olarak belirttiler. T4, T5 ve T6 da 6grencilerin kurallar1 karistirdiklar
ve ezberlemekte zorlandiklari i¢in kavram yanilgilarinin oldugunu sdylediler. Olasi
Ogrenci cevaplart ve kavram yanilgilarinin soruldugu 1., 2. ve 4. 6rnek olay
sorularinda 6gretmenler 6grencilerin olast cevaplarini ve kavram yanilgilarini dogru
tahmin ettiler. Hatta T1, 4. 6rnek olay sorusunda sadece 0 ile 5 isaretlenerek verilen

say1 dogrusunu ¢ok ilging bularak kendi dersinde kullanmak istedigini belirtti:

...Hi¢ hi¢ diisiinmedim c¢ok ilging geldi bana. Ashinda giizel bir sey yani
kullanilabiliv. Hani ol¢mek igin. Zorlagtirmak icin kullanilabiliv. Hig
kullanmadim ben béyle bir sey... Acaba ne yapacaklar merak ediyorum. Simdi
bunu deneyecegim bunu seyde... Sinifta en azindan bir deneyecegim bakalim
ne yapacaklar. (T1_VQ4)
“Matematik problemlerini ¢ozmek igin farkli yaklasimlarin belirlenmesi”
maddesinde 6gretmenler, eger 6grenciler diizgiin ve dogru bir sekilde farkli ¢éztiimler
yaparlarsa cogunlukla tahtada bu farkli ¢6ziimleri gosterdiklerini belirttiler. T3, eger
ogrencilerin farkli ¢oziimlere sans yoluyla ulastiklarini diisliniirse yeni bir 6rnek soru
tizerinde bulduklar1 yontemi uygulamalarini s6yledigini belirtti. T4 farkli ¢oztimleri
sevdigini ve tesvik ettigini, T6 ise 6grenci seviyesini gdz Oniine alarak hareket ettigini
soyledi; “...suif seviyesi hani anlatirsa ¢ocuklarin kafasinin karisacagr baska
seylere de neden olacagi icin hi¢ anlatmiyorsun. Dogru diyorsun hani ona ozel
soyliiyorsun.” (T6 12). Ancak 8. Ornek olay sorusunda &gretmenlerin cogu
ogrencinin farkli yanitin1 bir bagka benzer 6rnekte de uygulayarak dogru sonuca
ulastig1 i¢in dogru kabul etti. Oysa ki T6 degisme 6zelliginden dolayr kural olarak
kabul edilmemesi gerektigini belirtti; “degisme ozelliginin tersten olmadigini...
burada da mesela sadece mesela sag taraftan oluyor. Sol taraftan, basa aldigimda

olmadigini yani burada bura i¢in uygulanir ama genel gecer bir kural olmadigini”
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(T6_VQ8). Yine de 6grencinin yanitini dogru kabul edip her zaman olmayacagini
gosterecegini sdyledi. T1 ve T4 de 6grencinin ¢6zliimiinii ilk basta dogru olarak kabul
etmeyeceklerini ancak kendileri de farkli sayilarla uyguladiktan sonra ayni sonuca
ulastiklarin1 goriince 6grencilerin ¢ozlimlerini dogru olarak kabul edeceklerini
belirttiler. Bu durum ise aslinda 6gretmenlerin bolme islemindeki dagilma ozelligi

olup olmadig1 hakkinda bilgilerinin eksik oldugunu gostermektedir.

“Degerlendirme formatlarint se¢gme” boyutunda ise biitiin katilimc1 6gretmenler
degerlendirmelerinde farkli soru tiirlerini bir arada kullanma egiliminde olduklarini
belirttiler. Sinavlarinda cogunlukla acik u¢lu sorular kullandiklarini sdyleseler de tek
tip soru kullanmadiklarini, farkli tipte sorular (dogru-yanlis, bosluk doldurma,
problemler, kisa cevaplar, eslestirme, siralama ve ¢oktan se¢gmeli gibi) kullandiklarini
da soylediler. Bunun sebeplerini ise dogru yanit alabilme oranini artirma, 1 saatlik
zaman diliminde miimkiin oldugunca ¢ok soru sorabilme ve hepsini ¢coktan se¢cmeli
sorunca olusan sans ve tahmin olasigin1 6nleme seklinde belirttiler. Yine
hazirladiklar1 sinavlar incelendiginde ¢cogunlukla derste ¢ozdiikleri alistirmalar gibi,

temel ve karmasik islemler i¢eren sorular sorduklari goriild.

3.1.3. Ogretme ve Ogrenme i¢in Matematik Kullanma (Etkilesimli)

Bu boyutta yer alan alt boyutlardan olan “Matematiksel kavramlari veya prosediirleri
agiklamak veya tasvir etmek” boyutu katilimcilarin rasyonel sayilari nasil
ogrettiklerini iceren gozlem verileriyle aciklanmustir. Ornegin T1 &gretiminde
tartisma metotunu ve somutlastirmay1 kullanmaya calisiyordu. 6. ve 7. sinifa da
girdigi i¢in T1 her iki sinifta da tartisma metotunu kullanmaya calist1 ancak 7. siifta
daha basarili oldugunu sdyledi. Clinkii 7. siniftaki 6grencilerin seviyesinin, ilgilerinin
ve hazirbulunusluklarinin 6. smiftakilerden daha fazla oldugunu séyledi. Gozlem
sonucunda da bu veriler T1’in derslerinde gozlendi. T2 de aym sekilde tartigma
yonetimini derslerinde kullanmaya ¢alistyordu ama sordugu sorulara bir dgrencinin
cevap vermesi onun icin yeterliydi. Ancak c¢izimleri, modelleri, gunluk hayat
orneklerini ve somut materyalleri diger 6gretmenlerden daha fazla ve daha sik
kullaniyordu derslerinde. T2 ayni zamanda akran Ogretimi ve grupla 6gretim de

kulland1i. T3 goriismelerde ogretiminde teknolojiyi kullandigini sdyledi ancak
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teknolojiyi sadece akilli tahtada kitap dosyalarini agarak kullandig1 goézlem sirasinda
not edildi. Aslinda sadece teknolojiyi tahtaya soru ya da not yazmay1 kolaylagtirmak
icin kullaniyordu. Rasyonel sayilarin anlatimi sirasinda siklikla metaforlar, mecazi
anlatimlar kullanmistir T3. Ornegin T3’iin Sekil 1 de sirasiyla rasyonel sayilar
kiimesinin anlatiminda kullandig1 ¢izimler ve rasyonel sayilarda ¢arpma kural ile

ilgili yaptig1 ¢izimi gorebilirsiniz.

0
. 4
—Agt
Mahalle ilge Sehir
N -
0
Yasam Alani

Sekil 1. T3 lin rasyonel sayilar konusunda kullandig1 bazi benzetimler

T3, T4, TS5 ve T6 genellikle kurallar ve acgiklamalar ile konuyu 6gretme yoluna
gittiler. Cogunlukla da diiz anlatim yontemini kullandilar. Dort 6gretmen de
ogrencilere soru sorduklart zaman, bir 6grenci dogru yanitladiginda derse devam
etme egiliminde oldular. Aralarindaki model ve say1 dogrusunu en fazla kullanan
ogretmen ise T4 idi. Ayn1 zamanda 6grenciler T4 iin ¢izdigi bir modeli yeni sorulara
ve Orneklere daha ¢abuk uygulayabiliyorlard: ¢linkii T4 lin agiklamalar1 ve sorulari

daha net idi ve simifin gogunlugu tarafindan anlasiliyordu.

Dersten once yapilan goriismelerde T1, T2 ve T3 rasyonel sayiy1 anlatirken daha ¢ok
somut materyal kullandiklarini sdylerken T5 ve T6 giinliik yasam 6rnekleri izerinden
gittiklerini belirttiler. Bunun yaninda gézlem sirasinda elde edilen veriler de T1 ve

T2 nin anlatimlarini diger katilimcilardan daha fazla dogrulamaktadir.

Alt boyutlardan birisi olan “Yararli ve verimli sorular iiretmek” boyutunda
ogretmenlerin ¢ogu derslerinde alistirmalar ve Ornekler kullandilar. S6zlu
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problemleri ise miifredatta yer aldig1 saat kadar kullandilar. Diger derslerinde ¢ok
fazla kullanmadilar. T6 ¢ogunlukla ders kitabinda yer alan problemleri sorarken,
diger Ogretmenler farkli kaynaklardan da yararlandi. Problemler ve sorduklar
sorularla ilgili diger bir ortak nokta ise 6gretmenlerin kolay sorudan zor soruya dogru
ilerleyecek sekilde sormalar1 ve sorular1 sorarken Ogrencilerin seviyelerini g6z
oniinde bulundurmalar1 oldu. Sorularda ve ¢oziimlerde model kullanimini en fazla
yapan 0gretmenler T1 ve T2 idi. Say1 dogrusunu ise T1, T3, ve TS5 diger 6gretmenlere

gore daha fazla kullandilar.

Diger bir alt boyut olan “Ogrencilerin matematiksel ¢oziimlerini veya argiimanlarin
analiz etme veya degerlendirme” boyutunda T1, T2 ve T4 ilk 6nce 6grencilere soruyu
yazdirip daha sonra ¢dzmeleri igin bir siire verdiler. Sonra dgrencilerin ¢ogundan
cevaplar1 alip; T1 tartisma yontemine uygun olarak neden sorusunu sorarken, T2 ve
T4 ¢6ziime nasil ulastiklarin1 soruyordu. Eger 6grenciler dogru cevaplar verirlerse
aralarindan bir tane goniillii 6grenciyi ¢oziimii tahtada gostermeleri i¢in segiyorlardi.
Daha sonra anlamayan ya da farkli ¢6ziim yoluyla ¢dzen Ogrenciler varsa, ii¢
ogretmen de ¢o6zUmi tahtada gosteriyordu. T1 ise 6grenciler neden sorusuna cevap
veremezlerse kendisi tahtada agikliyordu. Ogrencilere yazmalari igin siire veriyordu
ve anlamadiginiz yer var m1 sorusunu yoneltiyordu. T3, TS5 ve T6 da benzer sekilde
stireci takip ediyorlardi ancak T3 ¢ogunlukla sorular1 akilli tahtada gosteriyordu. Eger
bir tane 6grenci dogru cevap verirse hemen tahtada ¢oziimiinii anlattirip daha sonra
anlamayan Ogrenciler igin kendileri anlatiyorlardi. Farkli ¢oziimler oldugu zaman
bunlar1 da tahtada gosteriyorlardi. S6zel problemler i¢cinde benzer siireci takip
ediyorlardi. T1 tahtaya problemde verilenleri yazdirip 6grencilerden problemi kendi
ifadeleriyle anlatmalarini istiyordu. Sorunun ¢oziimiinde de dgrencilerle yine soru-
cevap seklinde ilerliyordu. Problem ve soru ¢oziimiinde biitiin 6grenciler siirece dahil
olmadig1 i¢in, 6gretmenler anlamayan dgrenciler i¢in tekrar anlatiyorlardi. Hem soru
hemde problemin ¢oziimlerinde 6grenciler sonuglarini, 6zellikle T1, T2 ve T4’iin
smiflart igin, 6gretmenlere tek tek gosteriyorlardi. Problem ¢6zme basamaklarini
diizglin bir sekilde T6 smnifinda anlattti. Diger Ogretmenler bu basamaklardan
bahsetmedi. Ancak T6 da bahsetmesine ragmen soru ¢dzimiinde ne kendisi ne de
siifta 6grenciler problem ¢6zme basamaklarini uygulamiyordu. T2 biitlin hocalar

arasinda en fazla sozlli problem soran ve ¢ozdiiren 6gretmendir. Bazen normal konu
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anlatirken bile 6rnek ¢6ziimii igin s6zlii problem sormustur T2. T3 ve T5 de ayni
sekilde benzer siireci ilerletmeye ¢alisti ancak her iki siniftada seviye ¢ok diisiik
oldugu i¢in ¢ogu problemi 6grencileri ¢6zemediler. Daha sonra kendileri soruyu ve

¢Oziimii acikladilar.

“Kavram yanilgilari da dahil olmak iizere ogrencilerin  klasik yanitlarim
tamimlayabilme” alt boyutunda katilimei Ogretmenlerin derslerinde davranislari,
geridoniitleri ve 6grencilerin sorularina verdikleri yanitlar1 gozlemlendi. T1 ve T2
bazen 6grencilerin kavram yanilgilarini belirlemek igin derslerinde sorular sordular.

Ornegin;

5
T1: 5 rasyonel sayr midir?

C: Degildir.

T1: Neden?

S: Payda stfir.

T1: Payda neden sifir olamaz?

T1: (Ogrencilerden cevap gelmeyince kendi agikladi.) Bir biitiiniin es

pargalart kesir ama 0 da bir bltun yok.
T1 g¢ogunlukla kavram yanilgilarini engellemek icin agiklama yapiyordu,
aciklamadan sonra drnek ¢ozmiiyordu. Genel olarak 6gretmenler, 6grencilerin yanlis
cevaplarmi ilk kez gordiiklerinde kavram yangilari olup olmadiklarini
anlamiyorlardi. O yanlis cevaplarin istiine sorular sorduklarinda kavram yanilgilarin
tespit edebiliyorlardi. Ancak 6rnek olay goriismesinde yanlis cevaplardaki kavram
yanilgilari direkt soruldugunda dogru cevap verdiler. T1 tartisma yontemi kullandigi
igin 6grencilerin yanitlarinin sebeplerini en ¢ok sorgulayan dgretmendi. T2 ve T4 de
ancak Ogrencilerin sorulart ve yanitlarini sorguladiklarinda 6grencilerde olusmus
olan kavram yanilgilarin1 anliyorlardi. Diger 6gretmenler ise 6grenciler yanlis yanit
verdiginde onlara dogrusunu agiklamaya calistiklar1 i¢in 6grencilerde olugsmus olan

kavram yanilgilarma hakim degillerdi. Ogrencilerin yanls cevap verdiklerini

diisiiniiyorlardi. Ornegin; T3 dersinde,

1
Si: 3 leri sadelestirebiliriz.

174



T3: Hayw. Buislemde % leri sadelestiremezsiniz. Yan yana olanlar sadelesmez
arada ¢tkarma var.

S Paylar esitleyerek ¢arpma yaparim.

T3: Neden paylar esitliyorsun. Carpma isleminde paylar esitlenmez ki. Islemi

- L1 1
zorlastirmis olursun. (Daha sonra ¢oziime devam etti) o

Sa: 24 de esitlerim.

T3: Neden 6’min kati degil mi 12? (Daha sonra 12’de esitleyerek islemi

tamamlad.)
“Uygun geri bildirim saglamak” alt boyutunda ise c¢alismada yer alan biitiin
ogretmenlerin, Ogrencilerin anlamadigr kavram veya ¢6zmedigi soru oldugunda
cogunlukla tekrar agiklama yaptiklari ve tekrar anlattiklar1 gozlemlendi. Bu
aciklamalarin hepsi 6gretmenlerin kullandiklar1 6gretim yonetimine paralel sekilde
gerceklesti. Ogrenciler tekrar agiklamaya ragmen anlamadiginda érnegi, soruyu ve
anlatirken kullandig1 yonetimi degistiren 6gretmenler T1, T2 ve T4 olmustur.
Ornegin;

1 2 12 1
O+ (-3) = (-3) F+A=-; O+A=2

T4: (Ogrencilere ¢ozmeleri igin zaman verdi. Cevap gelmeyince agiklama
vapti.) Karede boliinen bilinmiyor. Uggende bélen bilinmiyor. (Basit bir
ornek verdi.) 10 + 2 = 5. 10 bilinmeseydi ne yapardimz? Ters iglem. 2
bilinmeseydi ne yapardiniz? 10°nu 5’e bolerdiniz. Burada da aynist.
(Ogrencilerden ¢ozenlerden 2 kisi tahtaya kalkip ¢ozdii. T4 ¢oziimii anlatti.
Anlamadik diyen ogrenciye tekrar anlatti.)
T4: Eger bolen sayt bilinmiyorsa béliinen sayiyr sonuca boliin. Eger akliniza
gelmezse 10 + 2 =5 gibi basit bir iglem yapip bakin.
Eger soruyu ¢6zmek icin tahtaya c¢ikan ogrenciler olursa, 6gretmenler cogunlukla
Ogrencinin, arkadaglarina ¢6ziimii anlatmasimi isterdi. T1, T2 ve T4 soru
sorduklarinda sinif i¢inde dolasiyorlar ve 6grenciler soru ¢oziimlerini ¢ogunlukla
dgretmenin yanima gelerek bireysel olarak gosteriyorlardi. Ogretmenler de bu sirada
dogru, yanlis veya su sekilde ilerle diyerek geridoniit veriyordu. T1 ve T2 bazen
ogrencilere gosterdikleri basarilardan dolay1 6diil de veriyorlardi. T3 ve TS5 ise siif
seviyesi diisiik oldugundan sorularina cevap almiyorlar ve Ogrencilerle birlikte

aciklama yapiyorlardi.

175



Diger iki alt boyut olan “Ogrencilerin sorularmmn icerigini analiz etme” Ve
“Beklenmeyen matematiksel sorunlara yanit verme” boyutunda ogretmenler dersi
anlatirken kullandiklar1 6gretim yonetimi ve geri doniit yontemine paralel hareket
ediyorlardi. Ornegin T1 dgrencilerin sordugu sorular1 tekrar smifa diger 6grencilere
soruyordu. Diger Ogretmenler ise kendileri agikliyordu ve ¢ogunlukla bu
aciklamalarda kurallar1 ve ge¢mis 6grenmelerini hatirlatiyorlardi. T3, T5 ve T6 bu
kurallar1 ezberlemeleri gerektigini vurguluyorlardi. Ogrencilerin sorularmin igerigini
analiz etmeyi c¢ogunlukla sorularim1 dogru cevaplandirma olarak yapiyorlardi.
Sorularin arkasinda yatan sebebi arastirmiyorlardi. Bazi durumlarda 6grencilerin
sorularin1 anlayamadiklar i¢in gérmezden geliyor veya eksik aciklama yapiyorlardu.

Ornegin T6 nin sinifinda bir 6grenciyle sdyle bir diyalog yasamisti;

T6: Cikarma islemi diye bir islem yoktur aslinda o da toplama iglemidir.
S1: O zaman neden ¢ikarma islemi 6greniyoruz?

Sa: Clinkii ilkokulda negatifleri ogrenmiyorduk.

T6: Evet dogru.

3.2. Ortaokul Matematik Ogretmenlerinin Rasyonel Sayillar Baglaminda

Olusan Inanclan

Ogretmenlerle yapilan goriismeler ve gozlemler sonucunda calismaya katilan
ogretmenlerin matematiksel inaniglar1 3 temel temada toplanmistir. Bunlari sirasiyla

aciklanmustir.

3.2.1. Ogrenciler ve Ogrenmeleri ile Ilgili inamslar

T4 hari¢ biitlin 6gretmenler matematigin 08retmen olmadan Ogretilebicegini
diisiinmiiyordu. T4 ise akran dgrenmesiyle miimkiin olacagini sdyledi. Ogretmenler
ayrica Ogrencilerin dikkatini ¢ekmek icin somut materyal veya giinliik hayat
orneklerinin etkili olduguna inandiklarmi sdylediler. Ogrencilerin  kavram
yanilgilarinin sebepleri 6gretmenlere gore yanlis veya eksik 6grenmeleri ve konuyla
ilgili kurallar1 karigtirmalaridir. Bu baglamda T2 ve T6 biitiin ispatlarin ve ¢éziimlerin
gosterilmemesi gerektigini ve Ogrencilerin kafasinin karigabilecegini soylediler.

Ornegin T2 bir dersinde rasyonel sayilarda bélme isleminde 2. kesri neden ters
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cevirip ¢arpiyoruz diye soran Ogrenciye kural oldugu i¢in seklinde agiklayip, ders
sonrasinda arastirmaciya Ogrenciye bu kuralin ispatin1 bilerek gostermedigini
sOyledi. Clnku soyledigi zaman simiftaki diger 6grencilerin kafasinin karisabilecegi
belirtti. T1, eger 6grenciler 6grenmeye istekli degillerse tam olarak iyi 6grenme
gergeklesmedigini iddia etti. T6 da her G6grencinin matematigi 0grenmemesi
gerektigini, sadece kullanmaya ihityaci olanlarin belirli bir seviyeden sonrasini

Ogrenmesi gerektigini belirtti.

Calismada yer alan 6gretmenler hem Ogrencilerin 6grenip 6grenmedigini hemde
dogru yanit oranmmi artirmak i¢in farkli tiirde sorulari sinavlarinda kullanmak
istediklerini ve kullandiklarin1 belirttiler. Tek tip sorularin yetersiz kaldigini
diistintiyorlardi. Smavin disinda Ogrencilerin anlaylp anlamadigmi T2 ve T3
Ogrencilerin goziinilin i¢ine bakarak anladiklarini, TS ise baska derslerdeki benzer

konulardaki gorevleri yapip yapamadiklarindan anladigini sdylediler.

3.2.2. Matematik Ogretimi ile Ilgili Inamslar

Katilimcilarin gogu diiz anlatim yoluyla 6gretimin daha etkili olduguna inandiklarini
belirttiler. T1 ise tartigma yonteminin daha etkili oldugunu gordiigiinii ve inandigimn
belirtti. T3, T4, T5 ve T6, 6grencilerin gerekli kurallari, tanimlar1 ve kisayollari
ezberlemesi gerektigine inanmaktadirlar. Bunlarin aksine T1 etkili 6gretmenlerin
ogrencilere ezberlemeye tesvik etmemesini, onun yerine igerigi anlatmasi gerektigini
belirtti. Ayn1 zamanda T1 ve T3 de ogrencilerin ge¢mis Ogrenmelerinin ve
hazirbulunugluklarinin kendi 6gretimlerini etkilediklerini soyliiyorlardi. Bunlarin
disinda ¢aligmada yer alan G6gretmenler teknoloji kullanmaya c¢ok fazla istekli
degillerdi T2 teknolojinin kalabalik siniflarda etkili olmadigina inaniyordu. T6 da
calisma kagidinin kalabalik siniflarda kontrolii zorlastirdigini ve uygun olmadigini

diistintiyordu.

T2 harig¢ diger 6gretmenler derse girmeden once belirli bir hazirlik yapmadiklarini
clinkii deneyimli 6gretmen olduklarimi diisiindiikleri i¢in hazirlik yapmaya ihtiyag
duymadiklarii soyliiyorlardi. Ayrica biitlin 6gretmenler ders kitabinin 6zellikle

alistirma ve Ornek bakimindan yetersiz oldugunu diisiiniiyorlardi ve c¢ogunlukla
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ekstra yardime1 kaynak kullaniyorlardi. Ideal sinif tanimlarinda ise nerdeyse biitiin
ogretmenler sinifin fiziksel ozelliklerinin iyilestirilmesi agisindan bahsetmislerdir.

Herhangi bir 6gretim yontemi degisikligini tercih etmediler.

3.2.3. Matematik ile lgili iInamslar

Calismada yer alan 0gretmenler matematik miifredatinda yer alan temel konular
konusunda benzer konular1 sdylediler; tam sayilar, rasyonel sayilar, denklemler,
cebir. Ciinkii bu konularin sonraki konulara temel teskil ettigini belirttiler. Diger
taraftan temel beceri olarak problem ¢ézme ve dort islem becerisi oldugunu
soylediler. Ogretmenlere gore eger ogrenciler matematik bilirlerse giinliik hayata

daha kolay adapte olurlar ve diisiinme becerilerini gelistirebilirler.

Biitlin bunlarin disinda katilimcilar i¢in dnemli olan bir diger konu da ulusal sinav
yani liselere giris sinavi idi. Calismaya katilan 6gretmenler, dgrenciler i¢in 6nemli
olan bu smavin 6gretmenler icinde dnemli oldugunu, 6gretmen ve dgrenci basarisi
icin bir gosterge oldugunu diistiniiyorlardi. Matematikte problem ¢ézmenin dnemli
oldugunu goriismelerde vurguladi biitiin 6gretmenler ancak miifredatta yer aldigi
kadariyla kullandilar. Hatta problemlerin alistirmalardan daha karmasik ve zor
oldugunu belirtmelerine ragmen, diger alistirma ve sorularda izledigi yontemle ayn1
yontemi izlediler. Farkli ¢6ziim yollarina da biitiin 6gretmenler olumlu yaklastilar.

Ayrica dgrenci seviyesine gore sorunun seviyesini belirlediklerini soylediler.

3.3. Ortaokul Matematik Ogretmenlerinin Inanclar1 ile PAB’lerinin Rasyonel

Sayilar Konusundaki Etkilesimi

Elde edilen veriler 1s18inda 6gretmenlerin inaniglar ile PAB’lerinin arasinda bir
etkilesim oldugu goriildi. Sekil 2’de bu etkilesim goriilebilir. MPCK deki
“Matematik miifredat bilgisi” alt boyutunda yer alan “Ogrenme programlarinda
temel fikirlerin belirlenmesi” ile matematikle ilgili inaniglarin etkilesimi vardir.
Ogretmenler inanislarina dayali olarak gretimlerinde anahtar veya temel kavramlara

oncelik verebilir ve 6gretimde daha fazla vurgulayabilirler. Ayrica 6gretmenlere gore
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miifredattaki sarmal yapidan dolay1 bir konunun digerini etkiledigi i¢in “Olast yollar

se¢me ve miifredat i¢indeki baglantilar: gérme” boyutunda da etkilesimi vardir.

&
Ogrenciler ve dgrenmeleri Matematik Mdfredat
ile ilgili inamiglar Bilgisi

(O @
Matematik Ogretimi ve

Matematik 6gretimi ile
ilgili inaniglar

Ogrenimi icin Planlama

Bilgisi (Preaktif) MPCK

inanislar

\.
\
N
N\

Ogretme ve Ogrenme
Igin Matematik Kullanma
(Etkilesimli)

Matematik ile
ilgili inaniglar

Sekil 2. Inanislar ile PAB arasindaki etkilesim

MPCK ¢ergevesindeki diger iki altboyutun ise inamiglardaki 3 alt boyutla da
etkilesimi bulunmustur. “Degerlendirme formatlarini se¢me”, “Uygun etkinlikleri
planlamak veya se¢mek”, “Kavram yanilgilart da dahil olmak iizere ogrencilerin
klasik yanitlarini tahmin etme” gibi alt boyutlar ile inanigla arasinda bir etkilesim
bulunmustur. MPCK c¢ercevesinin etkilesimli kisminda ise “Matematiksel
kavramlart veya prosediirleri aciklamak veya tasvir etmek”, “Ogrencilerin
matematiksel ¢oziimlerini veya argiimanlarini analiz etme veya degerlendirme”,
“Beklenmeyen matematiksel sorunlara yanmit verme”, “Uygun geri bildirim

saglamak” gibi alt boyutlarda bir etkilesim bulunmustur.
4. TARTISMA VE ONERILER

Bu c¢alismada elde edilen bulgular amag¢ ve arastirma sorular1 dogrultusunda bu
boliimde alan yazindaki calismalarla iliskilendirilmistir. ilk arastirma sorusu olan
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o0gretmenlerin PAB lerine baktigimizda bazi1 6gretmenlerin digerlerinden daha farkli
Ogretime sahip oldugu goriilmektedir. Model veya gosterim ile ilgili bilginin
matematik 6gretimini etkiledigi bilinmektedir (Tchoshanov, 2011). Calismada biitiin
O0gretmenler rasyonel sayilarda ¢carpma modelini ¢izebilirken ancak bélme isleminin
modelini ilk bakista ¢izememislerdir. Sadece T1 goriismeden sonra deneyip ugrasip
dogru cevabi verebilmistir. Sonug olarak ¢alismaya katilan 6gretmenler ters c¢evir
carp kuraliyla 6gretip bu kuralin nerden geldigini agiklamamislardir. Bu konuda
calisma yapan arastirmacilar da benzer sonuglar elde etmistir (Ball, 1990; Isiksal,
2006; Ma, 1999; Singmuang, 2002; Tirosh, 2000). Isiksal (2006) yaptig1 calismasinda
Ogretmen adaylarinin kavramsal anlama olmadan yeterli bilgiye sahip olduklarini
belirtmistir. Bu c¢alismada da benzer sonuglara ulasilmis ve Ogretmenlerin
kavramsaldan c¢ok yontemsel bilgiye sahip olduklari gorilmistiir. Kavramsal

anlamalari artirmak i¢in 6gretmen egitimi programlarinda diizenlemeler yapilabilir.

Yapilan calismalar bir ¢ok 6gretmenin klasik yontem olan diiz anlatim yoluyla
Ogretim yaptigi, 6gretmen veya ders kitabinin ana kaynak olarak yer aldigini
sOylemistir (Philipp, 2007; Putnam ve Borko, 2000; Steele, 2001). Bu ¢alisma da da
benzer sonuglara ulasilmaktadir. Ayrica 6gretmenler, 6grencilerde yer alan kavram
yanilgilarinin  sebeplerini  6gretimin tam yapilmamasi, yada kurallarin yanlis
uygulanmasi, ezberlenmemesi olarak goriirken kendi 6gretimlerinde higbir sekilde
eksiklik oldugunu diistinmediler. Tsiksal da (2006) ¢alismasinda benzer sonuglar elde
etmistir. Caligmada elde edilen bulgulara gore 6gretmenlerin anlatirken modelleri
sinirl kullanimi 6gretmenlerin tercihlerinden veya PAB’lerinden kaynakli oldugu

diistiniilmektedir.

Ikinci arastirma sorusundan égretmenlerin inanislariyla ilgili elde edilen bulgulara
gore Ogretmenler kalabalik siniflarda miifredati da yetistirebilmek i¢in en etkili
Ogretimin diiz anlatim olduguna inaniyorlar. Somutlastirma ve gorsellestirmenin ise
dersteki ilgiyi artirdigini diistiniiyorlar. Yapilan arastirmalarda da inaniglarin kisilerin
kararlarindan en 6nemli faktorlerden biri oldugunu ve &gretmenlerin bu inanislar
karar verme silirecinde bir rehber gibi kullandiklarimi ortaya koymustur (Handal,
2003; Fives ve Buehl, 2012). Bu durumda g¢alismadaki &gretmenlerin kararlarini

inaniglarinin da etkiledigini sdyleyebiliriz.
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Ogretmenlerin inanislar1 ile PAB’lerinin etkilesime bakacak olursak, alanyazinda
yapilan bazi arastirmalar inaniglarin 6gretmenlerin bilgileri iizerinde bir etkisi
oldugunu, baglantili olarak diistiniilmesi gerektigini ve birbirlerini etkiledigini ortaya
koymustur (Drageset, 2010; Fennema ve Franke, 1992; Hofer ve Pintrich, 1997).
Inang ve PAB arasindaki etkilesimin en az oldugu kissm “Matematik miifredat
bilgisi” oldugu goriilmiistiir. Bunun en énemli sebeplerinden birisi miifredatin Milli
Egitim Bakanlig1 tarafindan hazirlanarak ¢ogu siirecin 6rneklerle anlatilmis sekilde
ogretmenlere verilmesidir. Bu yiizden 6gretmenler miifredatla ilgili ¢cok fazla bir
diistinceye sahip olamiyorlar. Daha gelencksel inanislara sahip olan 6gretmenlerin
daha geleneksel uygulamalar yaptiklar: sonucunu bazi arastirmacilar ¢alismalarinda
elde etmistir (Stipek, Givvin, Salmon, ve MacGyvers, 2001). Bu ¢caligmada daha ¢ok
ogretmenler diiz anlatim yolunu tercih ettiklerini belirttiler. T1 O6gretmenlige
baglarken diiz anlatimla bagslasa da tartisma yontemini Ogrenince daha basarili
olacagimi diisiinerek uyguladigini ve bunun olumlu sonucunu goriince O6gretim
yontemini degistirdigini belirtti. T2, T6 gibi baz1 6gretmenler de teknoloji kullanimi
yonteminin 6zellikle kalabalik siniflar i¢in uygun ve etkili olmadigini belirttiler. T6,
geogebra program ile ilgili bir egitim almasina ragmen kullanmadigini sdyledi. Bu
caligmada sonuglari sunu gostermistir ki 6gretmenlerin inanislart neyi nasil 6gretmek
istediklerini etkilemektedir. Yapilan c¢alismalar ayni zamanda Ggretmenlerin
PAB’lerinin de Ogretmenlerin inamiglarini  ve Ogretimle 1ilgili kararlarim
sekillendirmede onemli bir faktér oldugunu belirtmistir (An, Kulm, Wu, Ma ve
Wang, 2002). T1’in 6rnek olayda gordiiklerini uygulamasi ve yiiksek lisanstan sonra
Ogretim yontemini degistirmesi de yapilan calismalarin bulgularina 6rnek

olusturmaktadir.

Bu c¢alismada da bazi sinirhiliklar bulunmaktadir. Ornegin nitel veri analizi ile
yapildigi i¢in genelleme amaci giidiilmemistir ve biitliin 6gretmenler devlet okulunda
calistig1 icin 6zel okulda ¢alisan Ogretmenlerle bu calismayr yapmak ve sonucunu
gormek inanis ve PAB arasindaki etkilesimi gormek agisindan katki saglar. Ayrica
rasyonel sayilar yerine diger konularda da ¢alisma yapmak bu etkilesimi netlestirmek

icin Onemlidir.

181



G. THESIS PERMISSION FORM / TEZ iZiN FORMU

ENSTIiTU / INSTITUTE

Fen Bilimleri Enstitiisti / Graduate School of Natural and Applied Sciences
Sosyal Bilimler Enstitlisii / Graduate School of Social Sciences
Uygulamali Matematik Enstitiisii / Graduate School of Applied Mathematics

Enformatik Enstitiisii / Graduate School of Informatics

O 0O0X O

Deniz Bilimleri Enstitlisii / Graduate School of Marine Sciences

YAZARIN / AUTHOR

Soyadi / Surname : BULUT
Adi / Name : Aykut
Boliimii / Department  : ilkdgretim / Elementary Education

TEZIN ADI / TITLE OF THE THESIS (ingilizce / English): THE INTERACTION BETWEEN MIDDLE SCHOOL
MATHEMATICS TEACHERS’ BELIEFS AND PEDAGOGICAL CONTENT KNOWLEDGE REGARDING
RATIONAL NUMBERS

TEZIiN TURU / DEGREE:  Yiiksek Lisans / Master  [_] Doktora /PhD  [X]

1. Tezin tamami diinya capinda erisime agilacaktir. / Release the entire
work immediately for access worldwide. =

2. Tez iki yil siireyle erisime kapal olacaktir. / Secure the entire work for
patent and/or proprietary purposes for a period of two years. * ]

3. Tez alt1 ay siireyle erisime kapal olacaktir. / Secure the entire work for
period of six months. * []

* Enstiti Yonetim Kurulu kararinin basili kopyasi tezle birlikte kiitiiphaneye teslim edilecektir. /
A copy of the decision of the Institute Administrative Committee will be delivered to the library

together with the printed thesis.

Yazarin imzasi / Signature ........cccceeveeevvennen. Tarih /Date ....cocovveeeevereieen,

182



